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EXECUTIVE SUMMARY

This report details the results of a treatability laboratory study performed by
Keystone Environmental Resources, Inc. (Keystone). This study was designed to
technically evaluate selected treatment technologies for their feasibility for treating

South Calvalcade site soil and groundwater samples which contain elevated

concentrations of the site chemicals of interest. . -
This site is called the South Calvalcade site and it is located in Houston Texas. A
wood preserving plant formerly owned by the Koppers Corporation was previously
operated at this site, and coal tar and creosote compounds were used in the process,
and therefore comprise the majority of the site chemicals of interest.

Groundwater and Soil Samples

The groundwater used in this treatability study was a composite from wells OW-10
and OW-11, located in the formerly identified process area. The groundwater
sampled settled relatively oil and solids free, by quiescent gravity settling, with small
oil layers on top and on the bottom of the water samples. Therefore supernatant

from the middle portions of the settled 335 gallon barrels was used for all groundwater
testing experiments.

Sait samples were collected from area A-04 identified as an old creosote dumping
area, between soil borings A04-SBO! and A04-SB02. Two 5 gallon buckets were
taken from a depth of 10-11 feet, and one bucket was sampled from the surface to 1
foot deep. Both of these sample depths contained PAH compounds at elevated
concentration levels - as high as 8 g Total PAH/1 Kg Soil (0.8%). Measurements of
PAH soil concentrations varied widely despite good sampling and analytical
techniques used, due to the heterogeneous nature of the contaminated soil matrix. A
statistical analysis was performed on the six measured PAH concentrations of the
untreated raw soil samples obtained in this laboratory work. The average mean
PAH concentration obtained was 3.7 g Total PAH/1 Kg soil (0.37%). This mean
concentration value was used throughout the study as the raw untreated soil PAH

concentration value.
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Polvmer Treatment

Polymer treatment of site groundwater for oil water separation was performed using
standard jar testing techniques. Various types an dosages of polymers were tested to

tlocculate the oil phase into a stable sludge. The two most successtul combinations
tested were Drew Chemical Company'sprodqgsﬁ: -
Amerfloc 10 @ 300 ppm
Amerfioc 5,260 @ 4 ppm

and
Amerfloc 10 @ 300 ppm
Amerfloc 3270 @ 4 ppm

The siudge generation estimate from the jar testing experiments was 11.2 gallons of
wet sludge preduced per every 1000 gallons of groundwater polymer treated (1.12
vol. %). Oil and grease concentrations were reduced over 9% by polymer
treatment, and over 86% by physical separation alone. The PAH concentration was
reduced 73% in the physical separation test, indicating that the majority of PAH
tOmponents are in the oil phase. Therefore polymer additions for oil/water

separation were unnecessary for the groundwater samples used throughout the
laboratory testing work.

UV/Oxqdation

Chemical oxidation testing using ozone in conjunction with ultraviolet light was
performed. An ozone/UV screening run was first performed in order to determine
the optimum ozone dosage rate for treating the site groundwater, The treatment
indicator parameters monitored in this screening run were pH, TOC, phenol (4-
AAP), and naphthalene. The average ozone utilization rate was 59 percent and the
optimum ozone dosage was 285 mg/1 (a 10 minute reaction time).

A plot of both phenol and naphthalene concentrations versus ozone applied was
drawn using a least squares regression fit technique. The slope of these lines k, is the
-first order decay rate constant. This k rate constant is a measure of the performance
of the test, ie. a negative k rate indicates reduction of the monitored indicator
parameter, a positive k rate indicates an increase in concentration of the monitared

= -
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parameter. The lower the K rate, the better the performance obtained in the
ozone/UV screening run test. The k rates obtained in the screening run tests were:

Phenols (4-AAP) = -0.0077
Naphihalene = -0.0046

The influent phenols (4-AAP) concentration of 4.95 mg/t was reduced 98.9% 10 0.053

mght after 10 minutes of ozone/UV treatment, the naphthalene influent
concentration of 65.1 ugfll showed an increase to 459 ugfi after 3 minutes of
ozone/UV lieatment, then decreased steadily thereafter until it was belaw the
detectable concentration limit after 30 minutes of ozone/U'V treatment.

A final sampling ozone/UV run was performed at an ozone dosage of approximately
285 mgl (a 10 minute reaction time). Enough baich runs were performed to
generate sufficient sample for all of the site chemicals of interest.

The average ozone utilization efficiency obtained was 57 percent, duplicating that of
the screening run test. Also duplicated was the reduction in phenols (4-AAP) at 98.4
percent after 10 minutes of ozone/UV treatment. The pH of the groundwater
changed very little by the ozone/UV treatment, 6.7 to 6.4. No effect was seen for
most of the other conventional pollutants or metals. Total PAH concentration was
reduced 52.5 percent, with the lower molecular weight 2 and 3 ring PAH components
showing higher levels of reduction.

The groundwater tested “toxic" in the Microtox | M bicassay test both before and

after ozone/UV treatment. The ozone/UV treated effluent decreased in Microtox
toxicity by 8 percent.

Activated Carbon
The feasibility of treating site groundwater with activated carbon was tested using

bath isotherm testing and packed column testing. The isotherm work was performed
by Keystone and will be descrit+d first. The column testing was subcontracted tq the

Calgon Corporation laboratories in_Pittsburgh Pennsylvania which used their
- Accgie:ated Carhon n Testing (ACI') test method.
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The isotherm experiments performed by Keystone utilized Calgon's F-300 granular
activated carbon, pulverized so that 93 wt. % passed through a 325 mesh screen.
Twelve ditferent weight ratios of activated carbon to site groundwater were shaken
tor | hour and then the liquid was separated from the carbon by filtering. The liguid
phase was analyzed for TOC, phenol and pH.

The maximuemn adsorption capacity of the,ai:_tivated carbon for naphthalene, phenol
and TOC were estimated by plctting the concentration of the parameter in solution
{(at equilibrium) versus the total weight of the parameter adsorbed per unit weight of
carbon. The best fit line for the data was drawn by a computer program using a
linear regression technique and an equation which describes the line drawn, was
generated. Solving this equation for the influent concentration of each parameter
vielded the maximum adsorption capacity for that parameter by the F-300 activated
carbon, for the groundwater tested.

Based upon an influent concentration of 2.74 mg/l of naphthalene, the estimated
carbon usage from the isotherm testing is 0.85 pounds per 1000 gallons of
groundwater treated. The estimated carbon usage rate for an influent TOC
concentration of 56 mg/l is 2.08 pounds per 1000 gallons of groundwater treated.
The estumated carbon usage rate for an influent phenols (4AAP) concentration of
7.45 mg/1 is 4.67 pounds per 1000 gallons of groundwater treated.

Keystone contracted the Calgon Corporation to perform their Accelerated Carbon
Test (ACT) on a sample of gravity settled sit¢ groundwater supplied to them by
Keystone. The ACT test simulated carbon adsorption treaiment in a packed carbon
column.

The report received from Calgon is included as Appendix 9A of this Keystore
Treatability Report. The results of the ACT indicate that for the gravity settled
sample of site groundwater tested phenolics will be the limiting factor, followed by
TOC, and finally the naphthalene. Carbon usage rates obtained by Calgon agree
closely with those obtained by Keystone. The estimated carbon usage for a. TOC
influent of 58 ppm and an example treatment objective of 30 mg/l was 2.5 pounds per
1000 galions of groundwater treated (Keystone's carbon isotherm estimate was 2.08

007907
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pounds per 1000 gallons.) Calgon's carbon use estimate tor naphthalene at a 0.5
ppm example treatment limit was | pound per 1000 gallons, (Kevstone's was 0.53
pouncs per 1000 gallons). Calgon’s carbon use esumate for phenols at a 0.5 ppm
¢xample treatment limit was 2.75 pounds per 1000 gallons (Kevsione's was 4.67
pounds per 1000 gallons.) The Calgon ACT was performed on an empty bed contact
time ot 15 minutes.

Soit Washin

Keystone performed bench scale soil washing tesung using the principles of froth
flotation aided by the addition of surfactants. A battery of screening tests were
performed testing different combinations and amounts of surfactants, test conditions,
number of wash cycles, etc,, in order to optimize a soil washing procedure to
effectively clean both surface and subsurface soil samples from area A-04 at the site.

The best three screening run tests were chosen for both the surface and subsurface
soil samples. Three tests for each soil sample were run menitoring oil and grease,
methylene chlonde extractables, and percent solids. Parameter removal rates
greater than 98% were seen for the subsurface soil samples tested, and greater than
95% removal rates for the surface sample. These screening tests utilized one 25
minute washing cycie, followed by a one minute rirse cvcle, a 1:5 soil to water ratio,
and pH adjustments using sodium hydroxide.

Based on the results of the screening run tests a final washing test was performed on
each soil sample. The treatment indicator parameters used in the two final soil
washing runs were oil and grease, methylene chloride extractables, and PAH. The
high percent removals for cil and grease and methylene chloride extractables
achieved in the screening runs were duplicated in the final runs with greater than
97% removals achieved in both tests. The PAH remaval tate was over 99% in the
subsurface soil sample and over 77% in the surface soil sample tested, as compared
to the mean soil PAH concentration obtained from the statistical analysis of the six
raw untreated soil samples tested.

Conditions of the final soil washing tests were: a 1:5 soil to water ratio, two 435

‘minute wash cycles, one ten minute rinse, pH adjustments using sedium hydroxide,

and a total of approximately 0.04 wt % of surfactants used in each test.
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Soil Bicrec zmarion {Soil Columns)
An eight wesg bench scale bioreclamation €Xperiment was performed to evaluate the .
teasibility of ‘reating South Calvalcade solls biologically on-site, This experimemt -
simulated 1 sity conditions as closely as possible, and involved pumping site

- Srounuwater ypflow through packed soil columns which were supplied the proper
cnvironmental conditions, nutrients and g microbial seed 1o enhance the
biodegradation rate of Organics present in the sjte soil. Effluent samples from the
soil columns were Sampled every two weeks. The soil and groundwater were

sampled initially, as wel] as the final soil and groundwater after eight weeks of
operation,
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R l The effluent resujt from the control soil column contained ap average naphthalene
L concentration of about 824 ugl. The concentration of naphthalene solubilized off
; the site soil was consistent over the eight week study. The control column received
: . only a tap water feed, and no nutrients or sludge seed were added. Therefore the
! PAH components present in the effluent were washed off the site soil in the column,
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L
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The anaerobic soj] column received nutrients, sludge seed, ang sodium nitrate as an
electron accepror for the anaerobic biological degradation process. The effluent !
PAH concentrations were much less, 78 percent less initially and 92 percent by the
tinal effluent sampling. This decreasing PAH effluent Concentration, along with
nutrients and njtrate Usage indicates that a microbiological population was

established and wag degrading the water soluble PAH's in the groundwater influent
provided.

e

. 56 percent from the influent and, final effluent PAH concentrations were reduced 78

solubility of these 2 and 3 rin

g compounds, I e

The groundwater feeqd for the soil columns con’tained 4242 ugfl total PAH initially,
and decreased to 1201 ug/i by the end of the soi] column study.
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Soil results vary so widely that no conclusions were made concerning the
performance of the soil columns with regards to treating the soil phase.

S'urev Reactors

As a part of the biélogical degradation work performed using site soil and
groundwater samples, Keystone also performed testing using two biological slurry
reactors. These slurry reactors, also called suspended growth biological reactors,
each contained 56 wt % area A-04 subsurface soil and 44 wt % gravity seuled
groundwater to torm a 2500 ml slurry. One slurry reactor was operated aerobically
and one anaerobically, and in both, the soil was continually kept in suspension by an
electric stirrer. The anaerobic reactor was supplied with a nitrogen gas blanket on
top to maintain anaerobic conditions. The aerobic reactor was supplied humidified

taboratory compressed air to maintain a dissolved oxygen concentration of at least 3
mg1.

The aerobic reactor had several incidences of viclent foaming upon the addition of
air. A commercial antifoam was added to the aerobic reactor and it controlled the
foaming for approximately one week, and then more had to be added.
Approxamately one-third of the initial water phase was lost due to this unexpected
foaming problem. and tap water was added to make-up the reactor volume.

Both reactors were supplied nutrients (nitrogen and phosphorus) and additionally
the anaerobic reactor was supplied nitrate. Test kit measurements in the laboratory
of the water phase indicated a consistent daily usage of nutrients and nitrate.

The soil and water phases of each slurry reactor were separated and sampled at the
end of four weeks for pH, percent solids, and PAH. The water phase PAH
cancentrations were decreased 66% and 88% tox the aerabic and anaerobic reactors
respectively. Specifically it was the lower molecular weight, 2 and 3 ring PAH
compounds, which being more water soluble than the higher 4, 5 and 6 ring PAH
components went into solution and were biodegraded by the microbial population in
—~the slurry reactors. For example, naphthalene, a 2 ring PAH was gver 99% removed,
and carbazole a 2 ring PAH was greater than 97% removed in both aerobic ard
anaerobic reactors. The amount of biodegradation of PAH components achieved is

ES-7

LR S
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a ftunction of many phenomenon. For example the adsorption/desorption
characteristics of the site soil, the solubility of the PAH components in the
groundwater, and the relative susceptibility to biodegradation of the PAH
compenents. [t appears that the rate limiting step in soil biodegradation work is the
desorption of PAH from the soil. Once solubilized the PAH components can be
biodegraded both a¢robically and anaerabicall,.

Results from the soil phase of the slurry reactors were inconclusive, with the aerobic
reactor soil PAH concentration being over 46% removed and the anaerobic reactor

soii had an increase in PAH concentration, as compared to the mean soil PAH
concentration calculated.

These results were based upon one final soil sample for PAH analyses for each slurry
teactor only.

Activated Sludge Co-Treatability Study

i

|

i

i

|

i

|

|

§
The concept of treating contaminated groundwaters jointly with domestic sanitary

l wastewaters at a publicly owned treatment works (POTW) was tested in a separate
project by Keystone in 1987, or a pilot plant scale. Specifically the groundwater

' contained chemicals from the coal and coal tar based family and was sampled from a
former manufactured gas plant (MGP) site, where gas for lighting and heating was
produced from coal or oil. A second groundwater, from a former coke plant site was

l also used in this pilot study. The coke plant site groundwater had higher

concentrations of the chemicals of interest present than did either the MGP site, or

l does the South Calvalcade site groundwater. As such this coke piant groundwater
served as a worse case scenario for evaluating the concept of co-treatability. A third

' control reactor was fed 100% POTW sanitary influent water and thus served as a
baseline for comparison. The South Calvalcade site groundwater is most closely

' similar to the MGP site groundwater concentration.

k

!

£

Results frem the co-treatability study support the feasibility of treating these types of

. . T e ) . -
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groundwater jointly with domestic wastewaters at a POTW employing the activated
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The effluent water quality did not change as a result of adding the groundwaters in
terms of:  conventional, inorganic. volatile aromatics, and metals chemical
parameters. [n terms of total phenolics and total PAH, the coke plant site reactor
showed slightly higher effluent concentrations. Even though some of the chemicals
of interest were detected in the coke plant site reactor’s effluent, the concentrations
measured were below the Best Available Technology (BAT) treated discharge
- standards recently set for the organic chemicals industry.

Based on steady-state air monitoring results, the industrial site reactor was the only
one of three tested which had any volatilization from the aeration tank of benzene,
toluene, naphthalene, and acenaphthalene.

The metals concentration of the wasted activated sludge for all three units was the
same. The coke plant reactor's sludge contained higher levels of PAH, total
phenalics, and volatile aromatics than the other two reactors. The MGP site
reactor's wasted sludge did not show any concentrations higher than in the conirol
reactor’s sludge.

In all three reactors, no change was seen in the number or diversity of
microorganisms present in the mixed liquor taken originally from the POTW and
used to seed the reactors.

Toxicity testing using the Microtox ™ qeute bioassay test showed all three effluents
to be nontoxic to luminescent bacteria (the Microtox test organism), despite the coke
plant site reactor’s influent feed being toxic, based on the Microtox test.

Additionally, the results of this study show that the addition of a groundwater such as
the South Calvalcade site groundwater used in Keystone's laboratory work will
generally be below detection limits in the infiuent due to dilution alone, to even a
small POTW, of one million gallons per day. The chemicals of interest present in the
South Calvalcade site have been proven to be biologically degradable in an activated
sludge treatment process. Included in Appendix A of this report to support this
statemem, are 19 actual cases from Keystones filcs, of successful applications of the

Calvalcade site. =~~~ e
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1.0 INTRODUCTION

This report presents the results of a treatability laboratory study performed by
Kevstcne Environmeatal Resources, Inc. (Keystone) at its Monroeville Research
Science and Technology Center. This study was designed to technically evaluate the
feasibility of treating soils and water samples collected from a site formerly owned by
the Koppers Company. Inc. This site is calted the South Caivalcade site, located in
Houston, Texas. A wood preserving plant was previously operated at this site, and
coal tar, and creosote compounds were used in the process. Previous work has been
done on characterizing soils and water present on the site by McBride-Ratcliff and
Associates, [nc. geotechnical consultants in Houston, Texas. Keystone utilized this
previous characterization work to guide in the selection of both soil and water
samples which contained the chemicals of interest in elevated concentrations. By
selecting these types of samples, the majority of the site chemicals of interest were
present in the siol and water samples used for treatability evaluations.
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20 STUDY OVERVIEW

Soil apd water samples were collected by Kevstone personnel on November 18, 1987
and returned for testing by Keystone's Analvtical Division in Monroeville,
Peansvivania. Details of sample collection and handling are discussed in Section 3.
Also presented in Section 3 is the list of the chemicals of interest along with the
concentrations found in the selected site groundwater samples. Section 4 of this B
report presents the specific treatment technologies investigated, followed by their
respective results. Included in section 4 is a section describing an activated sludge co-
treatability study. This co-treatability is considered as a treatment alternative which :
is technically feasible for the South Calvalcade site groundwater.
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3.0 SAMPLE COLLECTION

Water Samples

On November 18, 1987 Keystone personnel coflected water samples from the South
Calvalcade site fur use in the treatability laboratory study. Two observation wells in
the former process area of the site were sampled. This old process area was located
on the southern end of the site. One well was OW-11, located near the eastern
boundary. and one well was OW-10, located near the western boundary. Seven 55-
galion drums of water were coitected in all, 4 from OW-11 and 3 from OW-10.

Kevstone personnel collected an on-site composite sample from the seven drums
collected from Wells OW-10 and OW-1}, and returned it via 24 hour service to
Monroeville for analyses of the site chemicals of interest. The drums of sample
collected from OW-10 and OW-11 were returned to Keystane's Moaroeville (abs via
truck. A composite sample of these drums was also taken on December 10, 1987 at
Monroeville for the site chemicals of interest. This resampling at Monroeville was to
reveal any changes which may have occurred over time by shipping, handling, and
storage of the water sampled. This duplicate sampling also gives a more recent
characterization of the water sample to be used in the laboratory testing.

Results

Table 3-1 lists the chemicals of interest for the South Calvalcade site work as well as
their concentrations in both the on-site and Monroeville composite samples. The fast
column of Table 3-1 presents the percent change between the on-site sample and the
Monroeville sample taken approximately 3 weeks later. Generally, the results from
bath samplings are similar, i.e. the same orders of magnitude for both, Individuat
fluctuations occur, as would be expected between separate sampling cvents. The
individual PAH component resuits can be found in Appendix 1 and Appendix 2
which presents all the data in its raw format as received from the laboratory. Some
of the variation between samples can be explained by viewing the raw data in the
appendices. For example, total PAH varies over 45% between sampling events. A
stug of naphthalene may have ben sampled at Monroeville, as the naphthalene
concentration increased 3 times from the initial sampling concentration, Therefore,
the resultant increase for total PAH is seen. Another point worth noting is that there
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COMPARISON OF ON-SITE COMPOSITE SAMPLE TO THE

TABLE 3.1

MONROEVILLE COMPOSITE SAMPLE

(RESULTS IN MG/L)

) from -
On-Site Monroeville On-Site
Sample Sample Sample
Parameter (mg/1) 11/18/87 12/10/87
O
—
o
Biological Oxygen ~
Demand (BOD) 325 255 2L o
Chemical Oxvgen o
Demand (COD) 580 768 +32.4
Oil and Grease (O&G) 113 144 7.1
Pentachlorophenol (PCP) - 0.0018
Total Kjeldahi
Nitrogen (TKN) 3.59 3.10 -136
Total Orglgnic
Carbon (TOC) 63.4 59.8 -3
Total Phosphate (POy) <0.100 0.176 +76 Y
pH (standard units) 7.2 7.4 +2.8
Methylene Chloride B
Extractables - 253 . :
Total Recoverable
Phenolics (as Phenot) 8.31 7.82 59 i-
Total Polynuclear
Aromatic Hydrocarbons e -
(PAHs) 1.4 392 451
Arsenic (As) 0.0117 0.0154 36 e
Lead (Pb) <0005 AT
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are only two sets of data points. hence Ligher percent ditferences may be expected
than if there were many more data points t0 be averaged.

The Monroeviile water sampling includec analyzing ‘or pentachlorophenol to ensure
that this wood treating compound was not present. {The previously reported results
in the Remedial Investigation (RI) document had not shawn this chemical compound
to be present on the site). The result of the anaiysis from Keystone shows a
concentration of 00018 mgL in Table 3-1. This concentration is essentially at the

derection limit of 0.001 mg/L (1 ug/L), and i, therefore, not considered as a relevant
chemicai of interest for the remainder of the laboratory study.

Figure 3.1 presents a map of the site and the approxmate locations of Well OW-10
and OW-11, as well as the approximate soil sampling locations.

Soil Samples

Figure 3.1 is a map showing the site and the approximate sampling locations for the
soil samples collected by Keystone personnel on November 18, 1987. A total of five
$-gallon buckets of site soil were collected by hand and returned via truck 1o
Monroeville for use in testing. Two general areas were selected far sail collection;
(1) area A-04 an old dump area which is believed to have been a creosote dumping
area, and area A-26 in the northern portion of the site which had strong fuel oil
smells in the soil. Three buckets of soil were taken from area A-04 between soil
borings A04-5B01 and A-04-SB02, two at a depth of 10 10 11 feet deep, and one
bucket from the surface to 1 foot depth. The surface soil sample was a dark brown
loam with a coal tar chemical odor present. The sample had very littie rocks or
debris mixed with it. The 10-11 foot subsurface soil sample from area A-04 had a
sand or silty sand consistency with dark oily contamination present which stained the
sand darker. The subsurface soil samples received were sandy and had a strong coal
tar type chemical odot, and about 1/2 inch of standing water on top. The three soil

samples from area A-04 (the surface and subsurface samples) were the soils used in
the: laboratory testing. '

Two 5-gallon buckets of subsurface sou were collected from area A26 s'outhwest of
- soil boring A26-SB0S. The consistency of the A-26 soil sample was a hard packed
sand, with a small amount of milky white standing water. The two sandy soil samples
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received were cdorlers and appeared clean, an
testing in this labaratory work.

d were not used for any sampling or

WO samples. Beth of the subsurface samples were composited and mixed well and

were used in all subsequent soj] experiments. The surface soil was kept separate, and
was used in one experiment only,

The following section describes the specific testing programs pertormed by Keystone
on the sail and water samples collected from the South Calvalcade site,

ey
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4.0 NT TECHNOLOGIES

4.1  Oil/Water S¢paration

Upon inspection of the seven drums of groundwater at the research center in
Monroeville, it was found that the water settled very clear, with generally, a small oit
~sheen on top and on the bottom of the drums. For this reason it was decided to
evaluate simple gravity settling, as well as polymer addition in standard jar testing for
oiliwater separation. The physical separation testing will be described first followed
by the jar testing experiments.

A {-gallon mixed composite sample from the seven drums was taken and placed into
a 5-gallon glass jar. This sample was allowed to sit undisturbed for 24 hours and
observations were made. A definite clearing of the water was noticed with an oil
sheen on top and a heavy 1/2" sludge layer which settled onto the bottom. Samples
of the clear supernatant were withdrawn from the middle portion of the jug and
submitted for analyses. The results of these analyses are presented in Appentlix 3.

A well mixed composite samplz was also used in the polymer treatment jar testing
experiments at Monroeville, A composite sample was taken from the seven
refrigerated drums and was allowed to warm to rcom temperature before testing
began. Polymers were screened at varying dosages in an attempt to find a polvmer
which wouid successfully flocculate the oil phase out of the water and into a stable
sludge. The best polymer combinations found in this testing were:

Amerfloc 10 @ 300 ppm

Amerfloc 5260 @ 4 ppm
and

Amerfloc 10 @ 300 ppm

Amerfloc 5270 @ 4 ppm

These polymers are all Drew Chemical Company products. Amerfloc 10 is a cationic
polymer and Amerfloc 5260 and 5270 are anionic polymers. Both combinations
worked on the South Calvalcade groundwater sample, generating a large heavy Toc

which settled quickly into a stable sludge. The resultant supcmatant was clear and

relatively solids free.

0079260
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The supernatant phase of these jar tests were submitted for analyses by Keystone.
The results of these analyses are presented in Appendix 4. (The abbreviation SC
stands for South Calvalcade, and RW means raw untreated groundwater). Test #1
used the anionic polymer 5260 while Test #2 used 5270, The difference between the

two anionic polymers is that 5270 has a slightly stronger anionic charge, and is,
therefore, more expenswe than 5260 e T T

The final jar tests from which the samples were taken, used a total volume of 2500
mis of composited site groundwater. From each test the total amount of sludge
collected was 28 mis. On a volume basis the wet siudge produced for every 1000
gallons of groundwater polymer treated, is 11.2 gallons or 1.12%. This corresponds
to a sludge generation of roughly 0.07 puunds of (dry weight) sludge produced per
1000 gallons of water polymer treated, from each polymer combination. This
resultant sludge was toc dilute, and too low in creosote oil concentration to make a
direct product recovery possible from this sludge alone. (As per visual inspection by
the Koppers Company’s Technical Service - Tar and Wood Sector laboratory.)

Table 4-1 presents a comparison between the results of samples genciated by
polymer treatment and by physical separation only. These results are in turn
compared to the raw untreated composite sample of groundwater collected at
Monroeville on December 10, 1987, shortly after the water shipraent arrived.
Percent removals from the untreated groundwater concentration levels are
calculated and presented. As can be seen in Table 4-1 thers was {ittle added percent;
removal gained from the addition of polymers. mfnapdymersaddadsometoul
orgamcuarbmtothcwater mhmhrcmovalmt«wmd&omw

. al ﬂl mdwater sample. If the groundwater sampled would
changc, hawever, possibly becoming more concentrated in oit and grease type
compounds, for example, the information on which polymers to use and at what
concengration, has been generated, as well as one sludge generation estimate.

Based on the results of the oil/water separanon work, the decision was made by
Keystone to use gravity settling alone to generate relatively oil and solids free
supernatant for use in all subsequent treatability testing experiments, The pracedure

which was followed was te siphon off an equal amount of clear supernatant from

4-2
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TABLE 4-1

COMPARISON OF POLYMER TREATMENT VERSUS PHYSICAL SEPARATION

{RESULTS IN MG/L)
;
MSTC Polymer
Raw ‘Treated % Removal Physical % Removal
‘, Composite Supernatent (from raw Separation (frem raw
‘ i Sampie Sample water) Sample water)
‘ ‘ k‘ 1 12/16/87 12/31/87 12/14/87
-
s o |
®  Methylene Chloride Extractables 253 54 8.7 750 704
Oil and Grease ‘ i 13.6 90.6 199 86.2
Total Organic Carbon 59.8 59.6 0.3 60.5 *)
Phenofics (4AAP) 7.82 - - 7.72 1.3
Total PAH(D 39.225 - - 10.538 7.1
!
: (DTotal PAH represents total polynuciear aromatic hydrocarbons.
Ml (®)Indicates that parameter has increased in concentration.
‘
1 ‘ 007922 ;;
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each of the seven refrigerated drums into one composite drum, which was allowed to
warm to room temperature before the water was used in any laboratory testing.

42  UV/Oxidation

uc .O i e e Ll ARl Tl G ek BT A D e LTI S Lla

Chemical oxidation testing using ozone, in conjunction with photooxidation using
ultraviolet light was performed on a berch-scale by Keystone on the groundwater
sample from the site. The ozone/UV unit used was developed by Ultrox
International, Inc. This unit is comprised of an ozone generator along with a three
liter stainless steel reaction vessel equipped with an ultraviolet light. Ozone is
introduced into the reaction vessel through a gas sparger on the bottom, at a rate
sufficient to achieve complete mixing. The ozone concentration in the gas stream to
the reaction vessel was maintained at approximately 2% by volume. This 2% is
about the maximum zchieved in full-scale applications using a compressed air feed.
Ofi-gas from the unit was periodically monitored for residual ozone concentration
for determination of the ozone usage efficiency. This efficiency is defined as the ratio
of ozone used in the reaction, compared to the total ozone applied to the sample.

Procedure

In order to evajuated how effective UV/ozone treatment was on this particular
groundwater, Keystone first performed a U'V/ozone screening run. In this screening
run the groundwater sample was subjected to UV/ozone treatment for a totai of 30
minutes, with samples withdrawn at times 0, 1, 3, §, 7, 10, 15, 20, and 30 minutes.
These samples were analyzed for some parameters which served as indicators of
treatment for this water, (pH, TOC, Phenol and Maphthalene). Comparisons were
made between the level of treatment attained versus amount of ozone applied.
Based on the results from the screening run, an optimum ozone dosage was selected.

A fina! sampling UV/ozone run was then performed at the optimum dosage chosen.
Enough batch runs were performed to generate water samples for the whole list of

- site chemicals of interest. The results of these UV/ozone experiments are presented

next,
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TABLE 4-34
ACTIVATED CARBON
ACT RESULTS
o TOC  Phenols(4AAP)  Naphthalene )

1) Anticipated Initia} I

‘Groundwater Concentrations 63 ppm 8 ppm 35 ppm
2) Measured Initial

Groundwater Concentrations 58 ppm 3.3 ppm 0.335 ppm
3) Example Treatment

Objectives 30 ppm 0.5 ppm 0.5 ppm
4) Anticipated Activated

Carbon Usage

(2 vessels in series) 2.5 #/m(1) 2.75 #/m L0 #/m
5) Keystane’s Activated Carbon

Isotherm Test Results 2,08 #/m 4.67 #/m 0.85 #/m

Groundwater Concentrations 56 ppm 7.45 ppm 2.74 ppm

(1

#/m is pounds of activated carben per 1000 gallons of site groundwater treated,

i
i
i
i
i
B
!
i
’ 6)  Keystone’s Measured Initial
i
i
i
i
i
i
i
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Screeni ]

The screening run results are presented in Appendix 3, as received from Keystone's
laboratory. These results are presented graphically in Figures 4.2-1 and 4.2-2 for the
phencl and naphthalene test results, respectively. The plot in Figure 4.2-1 shows that
at the 285 mg/l ozone dosage (time 10 minutes), the slope of the line changes. At this
point diminishing returns are seen for applying more ozone to remove phenol, i.c.
the slope of this line is less. At this point in the experiment the available ozone then
begins attacking the naphthalene more vigorously, as can be seen in Figure 4.2-2.
Therefore, the optimum ozone/UV dosage ckosen for use in the final sampling runs
was 285 mg/l (10 minutes). The screening run results after ten minutes of ozone/UV
treatment achieved an effluent concentration of 0.053 mgA phenol, a 98.9%
reduction from the influent concentration.

The first order decay rate constants (K) were calculated from the screening run
results for both phenol and naphthalene. These K rate constants are:

Phenol = -0.0077
Naphthalene = -0.0046

Generating the K rate constants is a method used to quantify treatment performance
and to enable relative comparisons to be made between ozone/UV treatment of
different wastewaters. A negative K rate indicates that reduction has occurred
during the test for the monitored indicator parameter, a zero value indicates no
reduction, and a positive K rate indicates an increase in concentration of the
measured parameter. The lower the K rate constant number is, the niore reduction
of the monitored parameter in the experiment.

The method used to calculate the K rate constant was to plot the screening run data
with a computer using a least squares regressicn technique. The slope of the line
generated is the K rate constant. Appendix 6 contains the K rate calculation
printouts for both phenol and naphthalene. The X value listed on the printouts is the

~ozone applied, in mg/l. The Y value is the natural logarithm (1n) of the concentration .
of each parametzr monitored, in mg/ for phenol and ug/l for naphthalene. A 95%

confidence interval was used throughout in the calculations.

4-4
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The average ozone utilization efficiency achieved in the screening run test was 59
percent.

Final Run

A final ozone/UV sampling run was performed using site groundwater, at a 285 mg/l
ozone Josage, (a 10 minute czone/UV exposure time). The site chernicals of interest
in the ozone/uv treated effluent were sampled for and analyzed at Keystone's
Monrceville laboratories. The results of these sample analyses are presented in
Appendix 7.

The fina! ozone/UV treatment tests achieved an average ozone utilization efficiency
of 57 percent. This efficiency agrees closely with the 59 percent efficiency obtained
in the screening run test. This ozone efficiency is a2 measure of how much ozone is

used in the reaction, versus the total amount of ozone that is appllcd into the
reaction vessel.

The phenols (4-AAP) analysis showed a 98.4 percent reduction in the treated
effluent. This agrees closely with the screening run test result which achieved a 98.9
percent removal of phenols (4-AAP) from the influent concentration, at a 10 minute
contact time.

The pH of the ozone/UV teated water was 6.4, slightly less than the measured
influent groundwater pH of 6.7.

The ozone/UV treatment had no cffect on the remaining conventional pollutants
monitored, i.e. COD, BOD, TKN, P04, TOC, and oil and grease.

The metals were likewise unaffected by the ozone/UV treatment employed.

Total polynuclear aromatic hydrocarbon (PAH) removal achieved was 52.5 percent
of the influent groundwater concentration. Table 4-2 presents the individual PAH

components and how they were affected by ozone/UV treatment. A general trend of

~ - ‘decreasing percent removal is seen as the number of nngs (molecular weight)

7007928
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. TABLE 42
E FINAL OZONE/UV TEST
i PAH RESULTS (in ug)
: Water .
: ‘ Selubility Influent EfMluent
PAH Component #of Rings(!) fugfl) Concentration Concentration’ Percent Removal
carbazoie { 2 - <2.00 <Z.09 -
naphthalene 2 30700 <2.00 <2.00 .
acenaphthene 3 3930 563 3a.5 458
acenahthylene 3 - 3.03 <200 >339
- . anthracene 3 13 12.0 4.48 62.7
£ fluorene | 3 1980 186 7.23 6i.1
® phenanthresie 3 1290 66.1 323 . 51.1
benzO (A) anthracene 4 14 45.1 : 6.93 84.6
chrysene ' 4 2 43.5 13.2 69.7
fluoranthene 4 260 101.0 576 429
pyrene 4 135 111.0 548 306
benzo () flucranthene 5 - 8.1 427 473
benzs (A) pyrene 5 38 14.4 620 6.9
benzo {b) fluoranthene 5 - 213 TR 479
. dibenz (A,H) anthracene 5 249 249 154 1 38.1
indeno (1,2,3-2d) pyrene 6 . . 119 816 | 31.4
benzo (G,H,[) perylene 6 0.26 16.8 it | | 339
TOTAL PAH - . SHm 26327 | 525

(1) & of rings refers to the aunber of benzene rings present in cacly PAH component
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increases, and the PAH solubility decreases, as would be expected. The higher ring
PAFH's are more resistant to degradation than are the lower ring components.

Also included in Appendix 7 are the results of Microtox | M bioassay testing on site
groundwater before and after ozone/UV treatment. Microtox measures sample
acute toxicity by utilizing salt water 'uminescent bacteria as the test organisms.
Included in Appendix 7 Microtox results are the initial standards tested, followed by
the ozone/UV effluent, and influent groundwater results respectively. All tests were
run in duplicate and show close agreement between duplicate test results. The
Microtox test results are reported in effective concentrations (EC). The EC values
reparted are for 20, 50 and 80 percent, meaning a result that effects 20, S0 and 80
percent of the test population. In this case, the effect is a light loss by the
luminescent bacteria as an indirect measure of toxicity. An EC20 = 2.5 for example,
means that it required 2.5 percent of the groundwater sample to inhibit 20 percent of
the bacterial light emission. The lower the EC percentage obtained, the higher the
sample's toxicity (to marine luminescent bacteria), or stated in another way, less

sample was needed to induce the chosen effect (i.e. either 20, 50 or 80 inhibition of
light production).

The exposure times used were the standard 5 and 15 minute tests empioyed in
Microtox. Using two exposure times (of bacteria to sample) often reveal information

on the nature of the toxicicy of a sample, or how its exerted. The standard test
temperature vtilized was 15°C,

Table 4-3 presents the results- of the Microtox bioassay testing performed on site
groundwater before and after treatment by ozone/UV. The ECS0 is the most
commonly used measure in reporting effective concentrations, As can be seen from
the ECS0 results listed in Table 4-3, the influent was very toxic. After exposure to
ozune/UJV treatment the cffluent was measured as toxic. ‘The ozone/UV treatment
decreased the Microtox ECS0 toxicity measured by about 8 percent. The fact that
the 15 minute tests showed only slightly higher toxicity than did the 5 minute
exposure test, indicates that the majority of the toxicity was exerted quickly, and that
no recovery from it was evident by tie 15 minute exposure time tesied.
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TA.B LE 4‘3

MICROTOX RESULTS
OZONE/UV INFLUENT AND EFFLUENT SAMPLES

Concentration S Minutes
Sample Measured SMinutes . Duplicag
N EC20 10.590 0.625
Influent EC50 2477 2,369
EC80 10.390 8.988
EC20 2342 33N
Effluent EC50 10.844 11.737
EC80 50.209 40.857
4-Very Toxic <10%
3-Toxic >10% to 50%
2-Mildly Toxic >00% to 75%
1-Slightly Toxic >75% to 100%
0-Non Toxic >100%

15 Minutes

0500 0.550

2091 2.140
8.746 8.319
2.190 2,579
9.361 8.704

40.010 29.380

<49

>4% to 20%
>20% to 30%
>30% to 40%
>40%

007931

et




007932

43  Activated Carbon

Introduction

Keystone performed berch-scale testing using isotherms to evaluate the feasibility of
treating site groundwater with activated carbon, In addition, Keystone subcontracted
the Calgon Corporation to perform their accelerated carbon testing (4.7} program

on a sample of site groundwater. R——

e et e o T TR

Procedure

The isotherm testing utilized Calgon's Filtrasorb F-3(( granular activated carbon,
pulverized 50 that 95 wt% passed through a 325 mesh rireen. The standard isotherm
test performed used 12 different weight ratios of activated carbon per 100 mls of
groundwater; 0.005, 0.01, 0.025, 0.05, 0.1, 0.2, 0.5, 1.0, 2.5, 5, 10, and 20 grams.
Additionally, one test with no carbon added scrved as the control test. These
carbon/groundwater slurries were contacted for 1 hour, and then the liquid was
separated from the carbon by filtering. The liquid phase was submitted for analyses
tor; TOC, phenol, and pH, by Keystoue's Monroeville laboratory.

A liquid phase isotherm shows the distribution of adsorbate (that which is
adsorbable) between the adsorbed phase and the solution phase at equilibrium
cancemrations. Form this isotherm test a carbon usage estimation can be obtained.
This estimate tends to be a "hest case” scenario i.e. in most carbon column systems
the carbon usage will be greater than that predicted from isotherm testing. However,
the jsotherm test is a valid method for quickly testing the feasibility of using a
particular activated carbon for treating a specific wastewater,

TR R T

For a more accurate estimate of cachon usage, carbon column testing is normaily
performed afer carbon isotherms. Keystone subcontracted this carbon colurn
testing to the Calgon Corporation’s Pitisburgh laboratory, which performed their

Accelerated Cclumn Testing (ACT) program on a sample of gravity sertled site
groundwater,




Isotherm Testing

Appendix 8 lists the sample results obtained in the isotherm testing performed by
Keystone. The abbreviation CI represents carbon isotherm and the weights listed
are the amounts of F-300 pulverized activated carbon per 100 mls of groundwater,
used in testing. Appendix 9 presents the plots of the isotherm data obtained. Table
9-1 in Appendix 9 is the worksheet used to manipulate the isotherm results into the
form needed to plot the data. A logarithm plot of concentration of parameter in
solution (c), at equilibrium, versus the total weight of parameter adsorted per unit
weight of carbon (X/M) is found in Appendix 9 for each monitored parameter. A
straight arithmetic plot of the pH is also provided in Appendix 9. An equation which
describes each line drawn in the plots is also given. This equation is generated by a
computer program which describes the data by using a linear regression technique.
By solving this equation for the influent concentration of the monitored parameter,
an estimate of the maximum adsorption capacity for that carbon, and that
wastewater is obtained.

The equation from the isotherm plot for naphthalene gave a maximum adsorption
capacity of 27.0 mg naphthalene per gram of F-300 carbon used. The plot is straight
line, but only contained three usable points, the minimum amount for a linear
regression calculation. Based upon the influent concentration of 2.740 mg/l
naphthalene, the estimated carbon usage rate is 0.85 pounds per 1000 gallons of
groundwater treated.

The equation from the isotherm plot for phenol adsorption gave a maximum
adsorption capacity of 13.3 mg phenol per gram of F-300 carbon used. The plot of
the data was straight-line and showed small variation from the line drawn. Based
upon the influent concentration of 7.45 mg/ phenol, the estimated carbon usage rate
is 4.67 pounds per 1000 gallons of groundwater treated.

The tirst TOC plot presented in Appandix 9 includes all 12 data points generated in
the TOC isotherm test. As can be seen in the raw data, listed in Table 9-1 in
Appendix 8, the TOC concentration in solution levels off and remains near 4 mg/l.
- “This concentration is approaching the detection limit of 1 mg/l for the TOC analysis.
The plot of this data shows a two stage effect, where no additional TOC is adsorbed
after the 5th data point plotted, despite increased carbon dosages applied.




A more accurate interpretation of the TOC isotherm is to replot the data using only
the first 5 data points. This plot is presented next in Appendix 9, and results in a
good fit, straight line plot. From the equation generated which describes this second
TOC plot, the maximum adsorption capacity is 224 mg TOC per gram of F-300
carbon used. Based upan the influent TOC concentration of 56 mg/, the estimated
<:wcarbon usage rate is 2.08 pounds per 1000 gallons of groundwater treated, . . . ..~ - e

esies

The report issued from the Calgon Corporation presenting the results of their
Accelerated Column Test (ACT) is included as Appendix 9A. The ACT uses
activated carbon and simulates a carbon column system. The ACT was perfcrmed at
the Calgon Corporation's Pittsburgh, Pennsylvania laboratory on a sample of gravity
settled site groundwater supplied by Keystone.

007934

ﬂ Since no projected flow estimate of pumped groundwater or permit limits for the
South Calvalcade site were available at the time of performing the treatability work,

I Keystone specified the following conditions to Calgon for the ACT: a 15 minute
empty bed contact time, the treatment indicatcr parameters and example treatment
objectives of, TOC = 30 ppm, phenols (4AAP) = 0.5 ppm, and naphthalene = 0.5
ppm.

i
! Table 4-3a presents a summary of the ACT results along with Keystone's isotherm
test results for comparison. As can be seen, the results from the ACT duplicate those
I from the isotherm tests, with only the phenols (4AAP) estimates differing slightly.
| The naphthalene concentration of the site groundwater was much lower than was
\ ! anticipated in the ACT, based upon Keystone's on-site and Monroeville samplings.
The on-site composite groundwater sample contained 35.6 ppm of naphthalene, the
l Monroeville sampling about 3 weeks fater contained 11.6 ppm of naphthalene, and
the ACT sample contained only 0.335 ppm of naphthalene. Obviously, the
' naphthalene present in the wells initially on site was being volatilized out of solution
with the passing of time and the additional mixing by sample handling. (The Henry 4
l xaw constant at 25°Cforn _nghthalene is4.60x. 19‘4 ATM-M- fMOLE) o

PSR
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-~ mg/kg, on a dry weight basxs"l"}us is common when analyzing soils which have
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The resuits of the ACT indicate that the phenolics will be the limiting factor (for
carbon adsorption), followed by TOC, and finally the naphthalene.

Appendix 9a contains information from the Calgon Corporation on several carbon
adsorption treatment systems that they offer along with the estimated carbon use
rate for the site groundwater tested. Breakthrough curves for the specified

_ treatment indicator parameters are also given in the Calgon report.

44  Soil Studies

The following five subsections detail the experiments performed by Keystone on the
soil samples collected from the South Calvalcade site. The soil used ir this testing
was surface and subsurface soil collected from area A-04. The two pails of
subsurface soil were composited, mixed and sieved through a 1/4 inch screen. The
soil was sandy in texture, and less than 2% was retained on the screen. A sieve
analysis on this subsurface soil composite is presented in Table 4-4, and graphically in
Figure 4.4-1. As can be seen from Figure 4.4-1, this soil sample was sand.

An estimate of the porosity of *he composited A-04 area soil was made by using a
constant head permeability test. Soils found in situ have widely different
permeabilities along their stratification, and perpendicular to it. Therefore, the
results obtained on disturbed samples often are not accurate of site specific, in situ
conditions. However, the permeability measured in the laboratory did, in fact, agree
fairly well with previously reporied permeability values of site soils. The permeability
measured in the lab was 1.07 x 104 cm/second. The horizontal permeability given in
the Remedial {nvestigation (RI) document was 1 x 10°3 co/second. A general
permeability estimate for this site suggested by Keystone's Hydrogeology
Depariment was 1x 103 cm/second. The result from this permeability test is used in
a soil column experiment, which is described later in Section 4.7.

During the course of this sqil treatability work six separate samples of raw
composited site soil from area A-04, surface and subsurface samples, were aralyzed
for polynuclear aromatic hydrocarbons (PAH). Due to the heterogeneous nature of
a soil sample matrix the PAH results showed wide variations, between 900 to 8,300

4-10
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clevated concentrations of PAH components despite the best effgris to obtain, and
then analyze representative weil mixed samples.

resuits are due primarily to the heterogeneous nature of a soi] matrix. Unlike a water
sample which is homogeneous, a spoonful of soil sampled inches away from a clean

soil sample may contain gross amounts of the chemical(s) monitored, i.e. a sojl
particle may be coated with creosote oil.

[n order to most accurately represent the PAH concentration found in sojl samples
taken from area A-04, a statistical analysis was performed on the six sets of PAH
data generated on the raw untreated soil samples (five subsurface and ope surface
soil sample). Table 4-43 Presents the results of this statistical analysis of the PAH
data. The mean PAH concentration obtained was 3747.49 mg/kg on a dry weight
basis. The 95% CI column is the 95% confidence interval for the mean value, The
actual PAH analytical results are reported in ug/kg by the laboratory and were
converted to mg/kg due to spatial constraints of the statistical computer program.

The raw untreated soil PAH concentration for all of the treatability work performed

on site soil samples will be assumed to be the mean concentration value of 3,747,490
ug/kg on a dry weight basis,

the solid phase by one or more physical-chemical phenomena. For example this

007938

holding of the contaminant can be the result of entrapment, adsorptic_:__n on the

mineral surfaces, or chemical reaction with the solid surfaces,
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TABLE 4-4a

- sTATIsTIZAL HuMBARYCPor Pt DATA

8 OF 95% CI
Parametars OBVS MEAN +/- CI STD LOWER UPPER GMEAN GSTD MIN MAX
Acenaphthene - 6 (1] T76.51 449.83 428.57 326.68 1226.35 660 .15 1.99 192.55% 1494 25
Acsnaphthylaene 4 2 76.7TT 142.85 89.78 00 221.61 13.79 16.49 1.16 164 . 3%
Anthracsne '3 0 139.02 156.08 148.70 00 295 .09 65.83 4.42 8.6 344 .83
Benzo(a)anthracene 5 0 110.94 123.90 118.05 G0 234 .84 57.20 3.83 14 65 270,11
Benzo(a)pyrene [ ] 35.74 34.28 32.66 1.47 70.02 18.27 4.71 1.38 80.21
Banzo{b)fluoranthene 6 0 56.926 46.54 44.34 10.43 103 .50 40.85 2.56 14.25 107.93
Benzo(g,h.i)perylene 6 0 46.33 40.69 e.17 5.6¢ a7 .02 32.47 2.63 10.40 104 .97
Benzo(kifluoranthens 6 0 20.75 18.53 17.6¢& 2.22 39.29 13.80 2.86 4.49 42 .94
Chrysene e -3 0 104.18 120.17 114.49 09 224 .35 52.53 J.88 1257 258 62
Dibenz(ahjanthracene 6 ] 52.85 41.54 39.57 i1.31 94 . 38 39 .14 2.52 9.96 118.06
Fluoranthene 8 0 3la.61 371.05 353.51 .00 709.686 171.29 4.08 2d .37 817.24
Fluorene . 6 (1] 257.75 276.7TT 263.69 .00 534.52 144 .24 3.48 40 .60 609 .20
indano(123-cd)pyrene 6 0 27.54 19.69 18.76 7.85 47.23 20.51 2.54 5.15 48 09
»Phenanthrene 6 0 6681.18 821.82 782.97 .00 1503.060 268 .21 .51, 37.26 1701.39
;Prrﬁne e 4 [t} 486 .01 4i4.40 260.46 71.861 900 .41 407.99 2.16 133.5%0 7046 .90
rCarbazole ; & 0 80.43 73.9! 70.41 6. .52 154, 34 45 .96 3.77 S5.31 174.57
Ppsphthalene 5 0 756 .89 «««xxx §78. 27 .00 1847.23 326.95 4 82 52 .48 1886.57
Total PAH L 6 0 3747.49 »»axsxxw 3471 .65 103.62 72391.36 2448.69 282 w38.5%8 B6290.69
Pate Coliscted 0 0 0. 0. .00 0. Q. .00 00 .00 0.

All values wére used in the statistics

Al} results are calculated on a dry weight basis.
Al}! data is reported in mg/Kg unless otherwise noted.

‘#kkww%t The confidence interval for naphthaleme = $1090.34
kkkktk  The confidence interval for total PAH = £3643.87
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Entrapment occurs when the comaminant exists in such large quantities that it
exceeds its solubility and has taken up the available adsorption sites so that it exists
as a separate phase. This inner-granular material is simply trapped by the solid
particles and can be removed by physical beneficiation equipment, i.e. soil washing
using froth flotation.

Adsorption of contaminants on solid surfaces is usuvally expressed by empirical
models, such as the Langmuir or Freundlich adsqrption equations. These and other
similar models relate the adsorption of a contaminant on the solid to ‘the
concentration of the contaminant in the bulk solution and to the number of
adsorption sites on the solid surfaces, as a function of temperature., Most
hydrophobic (water hating) organics follow these models. Therefore, removal of the
contaminants can be accomplished by: a) reducing the bulk solution concentration,
b) eliminating the solid surface adsorption sites, or ¢) changing the temperature.

Reducing the bulk solution concentration of the contaminant surrounding the solid
particles can be accomplished by dilution, or by adding a mineral that has a greater
affinity for the contaminant(s) than the aqueous phase. Dilution usually requires
such large volumes of water that it is not practical. Therefore constituents such as

surfactants or organic solvents are frequently used to reduce the bulk solution
concentration.

The most difficult case to deal with is where the contaminant has chemically reacted
with the solids. One approach is to try and reverse the reaction by adding suitable
reagents. Another is to coat the contaminated particles with a hydrophobic coating
$0 it can be selectively removed and concentrated, i.e. by froth flotation.

The following sections detail specifics of each technology investigated for treating the
South Calvalcade site soil samples.

4.5  Soil Washing

Introduction

""Soil washing is a general term used to describe various techniques utilized for
remaving contaminants from a solid substrate. Some example techniques are: (i) in

007940

.
NI

It

o idhns




007941

situ injection/recovery (ii) extraction technologies (iii) counter current decantation
and (iv) froth flotation. In each of these technologies, a washing solution is applied
to the contaminated soils, after the washing stage is completed the contaminated
wash solution is recycled or removed and the cleaned soils are returned to the site.

Keystone utilized froth flotation in its soil washing experiments on the South
calvalcade site soil samples. The separation of contaminants from soil particles
depends in part to the relative wettability of the particle surfaces. Typically the
surface free energy of a particle is lowered by the addition of surface active agents,
i.e. surfactants. This creates a hydrophobic surface on the soil particles and,
therefore, separates the soil from the contaminant particles. Most treatment systems

also utilize a physical means of separating the surfactant water solution from the soil
particles.

Procedure

The experiments were performed in a bench-scale Denver Equipment Company,
Denver D-R flotation machine. A schematic diagram of the Denver unit used in
these experiments is presented in Figure 4.5-1. The soil is introduced into the cell in
the form of a water slurry and the surfactants are added with stirring. Air is
intraduced through the central shaft and is dispersed into the washing solution by the
impeller. The contaminants are physically separated from the soi! by the air bubbles
and concentrated in the froth which is then scraped over the lip into another vessel.

Screening Runs

A screening run battery of soil washing tests were performed on both the surface and
subsurface soil samples collected from arez A-04 at the site. Conditions of the
testing were altered, as weil as the kinds and amounts of surfactants added, in order
to optimize a soil washing procedure for the site soils tested. Table 4-5 presents the
resuits of the three most successful screening tests performed on the eleven foot
deep soil sample. Table 4-6 presents the results of the three most successful
screening iests performed on the surface soil sample. In both tables the results
reported have been corrected to a dry weight basis to aliow direct comparisons to be

007941
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l TABLE 4§
SOIL WASBING SCREENING RUN RESULTS
' AREA A-04 SUBSURFACE SAMPLE
l (RESULTS IN MG/KG, DRY WEIGHT BASIS) B
Untreated _ . .
l Parameter (mg/kg) Sail Test #1 Test #2 Test #5
8 7 soiies @ 103°C 3.8 %03 81.2 812
a~
' Oil and Grease 9,228 (-) <619 (>99.3) <6l.6 (>99.3) 123 (98.6)r~
<
Methylene Chloride ‘ o
Extractables 15092 (-) 161 (98.9) 234 (984)° 259 (98.3)
. Test #1 Surfactants = Whitco Emeol Cocobetaine at 0,16 grams
Armak Redicote E-11 at 0.07 grams
(Total surfactants = 0.018% by weight)
Test #2 Surfactants = Rhome and Haas Triton X-100 at 0.106 grams
Whitco Emcol Cocobetaine _ at 0.100 grams
| (Total surfactants = 0.016% by weight)
Test #5 Surfactants = Rhome and Haas Triton X-100 at 0.169 grams
I Whitco Emcol Cocobetaine . at 0.084 grams
(Total surfactants = 0.020% by weight) A
l ()}  values represent % removal. E
' < values represent detection ilmit. _ L

H
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' TABLE 4-6
SOIL WASHING SCREENING RUN RESULTS
I ARFA A-04 SURFACE SAMPLE
' (RESULTS IN MG/KG, DRY WEIGHT BASIS)
Untreated
IEg;LaLmeter {mg/ng) Soil Test #1 Test #3 Test #4 "
B soiias @ 103°c 8.8 81.0 816 82.5 g
o~
lon and Grease 55,645 (-) 1296  (97.6) 1185  (97.8) 1300 (97.6) 1~
o
. )
l\dethylene Chloride .
Extractables 81,682 () 3321 (959) 2904 (96.4) 2752 (96.6)
ll‘est #1 Surfactants = Rhome and Haas Triton X-100 at 0.106 grams
Whitco Emcol Cocobetaine at 0.106 grams .
(Total surfactants = 0.021% by weight) |-
Test #3 Surfactants = Qlin 4750 at O.Sgograms ]
Armak Redicote E-11 at 0.196 grams :
i (Total surfactants = 0.06% by weight)
Test #4 Surfactants = Olin 4750 at 0.224 grams 1
Whitco Emcol Cocobetaine - at 0.200 grams |
(Total surfactants = 0.034% by weight) )
i )  values represent % removal.
< values represent detection Jimit. 3
il
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percent removals can be calculated. These percent removals, (from the untreated
soil sampie concentrations) are listed in parenthesis in the tables.

The raw data from the screening tuns is presented in Appendix 10. The abbreviation
TOO18A represents the surface soil sample, and TOO018B represents the subsurface

soil sample in Appendlx 10 , . ST IR e

In all screening run tests pH adjustments were made to increase the pH, using 20%
NaQH by weight. The volume of NaOH solution added varied from 0.04% to 0.4%
of the total soil/water slurry volume used in each experiment. These screening run
results are from one 25 minute washing cycle, followed by one 1 minute rinse cycle.
The soil to water ratio used was 1:5. The surface sample test released so much
creosote and oil that no foam was formed. This suggested that several washes may
be necessary for the final runs in this soil washing experiment, which will also
evaluate polynuclear aromatic hydrocarbon (PAH) rermoval,

The screening run tests achieved high percent removals of oil and grease and
methylene chloride extractables as can be seen in Tables 4-5 and 4-6. All percent
remavals achieved were greater than 95%. The criteria used in sefecting surfactant
combination for use in the final runs were (1) lowest dosage (2) 2 common surfactant
tor both surface and subsurface samples and (3} pH adjustment requirements. The
surfactants chasen for use in the final runs was Rhome and Haas Triton X-10Q and
Whitca Encol Cocobetaine. Conditions of the final runs simulated screening run test
#1 for the surface soil and screening run test #5 for the subsurface soil.

Einal Runs

The results of the final soil washing runs are listed in Appendix 11. The abbreviation
T0018/A-RAW-F represents the raw unwashed surface soil sample, and T0018/A-
C1-F represents the cleaned washed surface soil sample. Similarly T0018/B-RAW-F
and T0018/B-C1-F represent the raw and cleaned washed subsurface samples,
respectively. The resuits listed in Appendix 11 are reported as received from
Keystone’s laboratory i.¢ not corrccted to a dry wcxght bam

R et . T et -

T ables 4-7 and 4—8 presem the resuhs of the final soil washing results, corrected toa

dry weight basis to enable direct comparisons to be made between sample results.

4-14
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TABLE 4.7(1)

FINAL SOIL WASHING RESULTS
AREA A-04 SUBSURFACE SOIL

R  Raw Cleaned %

Parameter Soil Soil Removaj
% Solids @ 103°C : 86.4 78.4 .
Oil and Grease (mg/Kg) 6447 68 98.9
MeCl Extractables (mg/Kg)(z) 8310 <64 >99.2
Total PAH (ug/Kg)(3) 3,747,490 23,583 99.3
NOTES
Surfacants Used
First Wash: Rhome and Haas Triton X -100 4t 0.338 grams

Whitco Emcol Cocobetaine at 0.320 grams

- total surfactants = (.026 wt. %

- pH maintained at 10 by adding 4 mis of 20 wt % NaOH

Second Wash: Rhome and Haas Triton X-100 at 0.169 grams
Whitco Emcol Cocobetaine at 0.160 grams
- total surfactants =0.013 wt. %

* PH maintained at 10 by adding 1.5 mis of 20 wt. % NaOH

(LResults reported on a dry weight basis.
(2)MeCl is methylene chloride solvent,

C”Total PAH is total polynuclear aromatic bydrocarbons, assumed meaan cancentration from the

statistical analysis, o

4-14a
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TABLE 4-8 (1)

FINAL SOIL WASHING RESULTS

007947

AREA A-04 SURFACE SOIL
~ Raw Cleaned %

Parameter Soil Soil Removal
% Solids @ 103°C 86.6 83.0 -
Oil and Grease (mg/Kg) 57,737 1313 91.7
MeCl Extractables (mg/Kg)(2) 80,947 2181 97.3
total PAH (ug/Kg)(3) 3,747,490 836,639 11.7
NOTES
Surfacants Used
First Wash: Rhome and Hass Triton X-100 1t 0.212 grams

Whitco Emcol Caocobetaine at 0.320 grams

- total surfacants = 0.022 wt.%

- PH maintained at 10 by adding 4 mis of 20 wt.% NaOH,
Second Wash:; Rhome and Haas Triton X-100  at 0.106 grams

Whitco Emcol Cocobetaine at 0.160 grams

- tatal surfactants =0011w. %

* PH maintained at 10 by adding 2.5 mls of 20 wt.% NaOH

(DResults reported on a dry weight basis,
g;MeCl Is methylene chloride salvent,

statistical snalysis, _ _ =

4-14b

Total PAH is total polynuclear aromatic hydracarbons, assumed mean concentration fromthe
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These final runs included PAH analyses, as well as the oil and grease and methylene
chloride extractable analyses. The values appearing in parenthesis are the percent
removals caiculated from comparison to the raw unwashed mean soil concentration
obtained from the statistical analyses for the raw PAH soil concentration. The high
percent removals for the oil and grease and methylene chloride extractable analyses
obtained in the screening runs were duplicated in the final runs, for both soil samples
tested. The PAH components had high percent removals also. The subsurface soil
washing experiment obtained aver 99% removal of the total PAH components

present in the raw soil, and the surface soil washing experiment obtained over 77.7%
removal.

Each final soil washing test employed two 45 minute wash cycles, followed by one 10
minute rinse cycle. One 45 minute wash cycle consisted of a 15 minute mixing time
followed by a 30 minute washing/foaming time. The amount of surfactants added in
the first wash was decreased 50% for the second washing cycle. The soil to water

ratio used in all final runs was 1.5, on a weight:weight basis. Each final run utilized
300 g ot site soil and 2500 mls of tap water.

The surface and subsurface soil samples used in both soil washing and soil column
testing were toxicity tested by the Microtox bioassay. The surface and subsurface
soils were tested before and after soil washing. The surface and subsurface soils were
inadvertently sampled only before the soil column experiment. Results of the

Microtox testing are repotied in duplicate for the EC50 at § and 15 minute exposure
times, in Table 4-9.

As can be seen in Table 4-9 both surface and subsurface soil samples collected from
area A-04 on the site where very toxic to the luminescent bacteria used in the
Microtox bioassay test. After soil washing, the Microtox toxicity decreased about 3%
for the surface soils tested. This small improvement did not change the surface soils
very toxic rating however. The subsurface soil samples also decreased in Microtox
toxicity after soil washing, about a 13 percent decrease. The subsurface soil toxicity
rating changed from very toxic to toxic after the soil washing treatment. The
improvement seen was most likely due to removing the majority of oil and grease and
PAH components from the soil samples treated by soil washing. However the still

==—10xiC rating after soil washing indicates that something other than the oil and grease

007948
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TABLE 4-9
MICROTOX RESULTS
SITE SOIL SAMPLES AREA A-04

>100%

007949

Sample __EC50 5 Minutes EC50 15 Minutes
sur{ace SOl:l Bt T T TTT.4139%, " 0.448%
surtace soil . 0.4¢5% 0.473%
soil washed surface soil 29949, 3.420%
soil washed surtace soil 3.310% 3.666%
subsurface soil 0.342% 0.379%
subsurface soil 0.353% 0.357%
soil washed subsurface soil 13.494% 14.269%
soii washed subsurface soil 12.933% 13.681%
subsurface soil used in soil columns 0.422% 0.451%
subsutface soil used in soil columns 0.432% 0.446%
Toxicity Rating EC50

q- Very Toxic <10%

3 - Toxic 10-50%

2 - Mildly Toxic 50-75%

1 Shgh _Pr Toxic 75-100%

0 R
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Introduction

and PAH fractions of the soil is also exerting toxicity to the luminescent bacteria used
in Microtox testing.

4.6 In Siwu Soil Bioreclamation

A bench-scale soil bioreclamation experiment was performed by Keystone to
evaluate the feasibility of treating South Calvalcade soils biologically on-site. This
experiment attempted to simulate in situ soil conditions present at the site as closely
as possible. The bioreclamation experiment involved pumping site groundwater
through packed soil columns and supplying the proper nutrients and environmental
conditions necessary for microbial degradation of organics present in the soil. In
addition to erhancing the indigenous microorganisms present in the site soil, the soil
was seeded with sludge from an aeration tank which treated tar plant wastewaters
containing high concentrations of coal-tar related compdunds.

For the coal tar related chemicals associated with the site, biodegradation,
sorption/desorption, and volatilization are some examples of competing factors
which may affect the process of in situ treatment. The degree to which each of these
factors influence in situ treatment depend on such things as (i) site hydrogeologic

conditions (ii} soil characteristics and (iii) physical/chemical characteristics of the
contaminants of interest.

Keystone, through previous research has proven that the coal tar related chemicals
can be biodegraded under the proper environmental conditions. (Keystone,
1986)13,3 Further supporting the biodegradability of aromatic hydrocarbons, a
paper by Gibson and Subramanian (1984)% showed that microbial degradation
pathway studies have centered on mononuclear compounds, and with the exception
of naphthalene, phenanthrene and anthracene, little is known about the exact
metabolic pathways associated with the majority of polycyclic aromatic hydrocarbons.
Regardless of identifying the specific metabolic pathways, it is well established that

biodegradation of a majority of polycyclic aromatic hydrocarbons occurs under
- .proper environmental conditions (Sims-1982). Degradation of PAH components

has been shown to be feasible by Keystone, as well as others cited in the literature
both by aerobic and anaerobic microbial degradation . Overcash and Pal (197‘9)‘s
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reference that microbes can degrade PAH's without using them as the sole source of
carbon but through co-metabolism with other organics present. Referenced work
examining nitrale (NO‘3) respiration using [14(3] benzoate confirmed the
dissimulation of the compound to carbon dioxide thus supporting the anaerobic

process with inference that such an anaercYic process is capable for b:odcgradaum
of coal tar reiated orgamcs78 [ T U S

Procedvyre .

Three soil columns were packed with site soil to operate an 8 week bench-scale soil
bioreclamation experiment at the Monroeville treatability laboratory. Each column
was a 2’ high glass cylinder, 4" in diameter, and contained 18" of 1/4 inch each
screened camposite subsurface soil sample, collected fram area A-04 at the site. The
columns were wrapped in aluminum foil to prevent the soil from being exposed ta
light. The ends of the columns were plugged, except for a small hole at either end for
the feed, which was applied in an upflow made through the columns. This ensured
that the columns were flooded to simulate the saturated zone of soil present on site.

One column was operated as a control, one in an aerobic, and one in an anaerobic
mode. To the aerobic column, hydrogen peroxide was added to supply oxygen. For
the anaerobic column, sodium nitrate was added to supply nitrate, to be used as the
electron acceptor in the anaerobic biodegradation process. In both the aerobic and
anaerobic soil columns, a sludge seed was added to the soil at the time of loading the
columns initially. This sludge seed was a biological sludge from an aeration tank
treating tar plant wastewater. This sludge seed was added to enrich the soil
microorganism population with microbes acclimated to using high strength organic
wastewater as a food source. The feed to the anaerabic and aerobic columns was
gravity settled groundwater, (a composite of Wells OW-10 and OW-11) pumped at a
rate calculated to simulate the horizontal permeability of site soil. Nutrients were
added to the groundwater feed in the form of ammonium phosphate dibasic (NHg),
HPOy, at a dosage to maintain a residual concentration of nitrogen and phosphorus
in the column effluents. The control column was fed tap water only, and received no
nutrients or sludge seed.
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Sampling of the soil columns initially included the site soil in the control column, and
the site soil plus sludge seed present in both the aerobic and anaerobic columns, The
groundwater being fed was also sampled initially. Soil column effluents were
collected daily in PAH cleaned containers and samples were submitted every two
weeks. The effluent samples submitted for chemical analyses were taken from
composite samples collected over a | week period, so as not to violate any sample
holding times for the chemical analyses. The final sampling included the
groundwater feed, and the soil in each of the three columns, at the end of the 8 week
study.

Results

The influent groundwater used in the soil column experiment was a gravity settled
composite sample of wells OW-10 and OW-11. This influent groundwater was
sampled for the site chemicals of interest two times: at the beginning, and at the end
of the 8 week long soil column study. The results from these sample analyses are
presented in Appendix 12.

Bi-weekly soil column eftluent samples were collected and analyzed for some site
chemicals of interest used to monitor the soil column treatment process. The results
of these bi-weekly effluent sampies are presented in Appendix 12.

The soil used to load the soil columns was sampled twice, initially and at the end of
the soil column study. The initial sampling consisted of two separate samples; ong
from the raw unseeded control column, and one sample from the sludge seeded
subsurface soil used to load both the aerobic and anaerobic soil columns. The resuits
of the soil analyses are presented in Appendix 12.

Influent Results

The results of the analyses performed on the groundwater used as feed for the
aerobic and anaerobic soil columns, are summarized in Table 4-10. The groundwater
chemical concentrations remained constant between samplings with the exception of
the PAH components. The PAH concentrations decreased for all individual PAH
components, The total PAH concentration decreased over 71 percent from the
initial measured concentration of 4242 ug/l. The only metai out of the 13 sampled for
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TABLE 4-10
SOIL COLUMN STUDY
GROUNDWATER INFLUENT RESULTS

Initial Influent Final Influent
C1_aventional Pollutants (mg/l) Sample {1-11-88) Sample {3-3.88) 4 i
BOD " 420 240 .
COoD 240 . 478
Oil and Grease 20.8 26.3
Phenols (4AAP) 5.70 347
TKXNas N 8.80 135
TOC 56.7 516
Total PO4 6.95 6.10 e}
pH (units) 1.5 7.6 ey

o

Total Detectable Metals (u g
arsenic 12.7 o
Individual PAH (ug/)
carbazole 304 28.1
naphthalene 2700 739
acenaphthene 352 146
acenaphthylene 178 87.8
anthracene 305 8.97
tluorene 189 559 -
phenanthrene 288 76.9
benzo (A) anthracene 13.1 4.60
chrysene 10.8 3.54
fluoranthene 83.5 25.3
pyrene 83.8 20.6
benzo (K) fluoranthene 1.03 0.483
benzo (A ene 1.68 0.841
benzo (B) gtylgranthene 2.90 1.32
dibenz (AH) anthracene 1.65 110
indeno (1,2,3-C,D) pyrene 0.766 0.355
benzo (G,H,[) perylene 1.62 0.630 .
Total PAH ug 4242.3 12014 -
NOTE: The groundwater was used as the influent to the aerobic and anaerobic soil 7 : .
cogggn& T e e o e e S -
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- The aerobic soil column algg had good operational data. The nutrients add

that appeared abgve detection limit concentrations in the groundwater feed was
arsenic, present in the ipitjal samplirg at 12.7 ug/.

The tlowrate of groundwater pumped through the non-control soj| columns was 1.25
mis/minute. for a tota] volume of groundwater treated through each soil colump of
26.6 gailons. The intluent to the control column was tap water only, also pumped
upflow at 1.25 mls/minute, for a total of 26.6 gallons for the study.

Operational Data

and effluents for the soif columns to ensure proper operation. Parameters measured
by test kits included phenols (4-AAP), ammonia nitrogen, ortho-phosphorus, and

nitrate. Also measured regularly in the lab were dissolved Oxygen concentration and
pH.

The control soil colump received no nutrients and there WEre none measured in jt's
ctfluent. The pH of the control column effluent decrezsed for the first three weeks
t0 remain stable at the 6.5 1o 7.9 range. The dissolved oxygen of the Control soil

column likewise decreased until the fourth week where jt stabilized at a 0.5-1.0 mg/1
range.

The anaerobic soi] columns operational parameters were also kept as desired. The
influent groundwater feed supplied a consistent phenol, nitrogen, and phosphorus
loading to the column and the effluenis collected always had some of these nutrients

etfluent pH ranged from 7.3 o 7.6. The dissolved OXYgen concentration maintained
in the soil column was always low, and it ranged from 0.2 to 0.7 mg/l. Nitrate was
added to this soil column in the form of sodium nitrate. The influent nitrate
concentrations ranged from 1 to 30 mg/l and the effluent nitrate concentrations
ranged from 1 to 15 mg/l. Approximately one-half of the applied nitrate to the
anaerobic soil columnns wag consumed in the anaerobic biological reactions,

ed were
partly used, with a residuaj remaining in the column effluents. Ample dissolved
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oxygen was supplied by hydrogen peroxide additions, and the dissolved oxygen
concentration in the column varied from 2 to 20 mg/?. No nitrate was added or
measured in the column effluent. The phenols present in the groundwater influent
was all consumed after about week #3, as measured by phenols test kit of the column
effluent. The pH of the aerobic column influent was approximately 7.6 and the
etfiuent pH averaged about 6.9.

In conclusion, the operational parameters measured during the soil column study

indicate that the desired environmental conditions were maintained for each soil
column. The fact that nutrients added to the aerobic and anaerabic soil columns
were being used is a positive indicator of biological activity. The pH decrease in the
aerobic soil column is also a possible indication of some biological reduction, with
subsequent production of acids. The oxygen demand exerted by the aerobic column
is also another good indicator of bialogical activity occurring. Similarly the hydrogen

peroxide usage in the anaerobic soil column indicates that some biological activity
may have been occurring.

ue sult

The complete results of soil column effluent analyses for selected site chemicals of
interest are presented in Appendix 12. These results are summarized for each soil
column in Tables 4-11 through 4-13. Included in these tables is the tota! PAHs,
which totals the 17 individual PAH components. Also included is a breakdown of the
effluent PAH’s by the number of benzene rings comprising the individual PAHs.
The 2 and 3 ring PAH components are grouped together, as are the 4, 5 and 6 ring
PAHs. This was done to illustrate the proportion of the more readily biodegradable

PAH components, i.e. the lower molecular weight, more water soluble, 2 and 3 ring
PAH components.

As can be seen in Table 4-11 the total PAH in the control column effluent samples
remained consistent throughout the 8 week study. The large portion of the total
column effluent PAHs were the more water soluble, lower ring PAHs (99 percent).
The fact that the effluent PAH concentration did not decrease over the weeks of
operation is an indication that no biological activity was occurring in the control

column and that the effluent PAHs were merely solubilized off the soil in the
- columns and into the effluent. C o e o T
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TABLE 4-11
SOIL COLUMN EFFLUENT RESULTS
CONTROL COLUMN #1
Parameter : 1.21-88 2-4-88 2-18.88
Phenols(4AAP) mg/ - 354 - 0439 0.206
TOC (mgl) ~53.1 13.5 --10.8
Total PO4 (mgl) <0.100 - .
Phosphate (0) as P (mgl) <0.1060 <0.100 <0.100
cH - 6.8 6.5
Total PAH (ugl) 875.6 912.7 792.5
Naphthalene (ug/) 742 725 670
2 & 3ring PAH’s 867.3(99%) 903.2(99%) >786.9(99%)
4.5 & 6 ring PAH/s 8.36(1%) 9.54(1%) 5.6(1%)

-4=-20a

717.07
496

713.54(99%)
3.53(1%)
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~Parameter
Phenols(4AAP) mg/
TOC {mgl)
Total PO4 (mgl)
Phosphate (o) as P (mgl)
pH
Total PAH (ugn)
Naphthalene (ug/)

2 & 3ring PAH’s
4,5 & 6 ring PAH/s

TABLE 4-12 g%
SOIL COLUMN EFFLUENT RESULTS
ANAEROBIC COLUMN #2

167.8(92%)
13.6(8%)

B
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[* ]
0
Lo
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1.74
713 1.5
164.0
<2.00

“
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146.7(89%)
17.3(11%)

128.4(88%)
17.2(12%)

55.13(83%)
11.359(17%)
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TABLE 4-13
SOIL COLUMN EFFLUENT RESULTS
AEROBIC COLUMN #3
Parameter 1-21-38 2:4-38 2-18.-88 3.3.88 .
Phenols(4AAP) mg/ 2.32 217 . M.585 0.297 , e
TOC (mgl) 558.2 472 41.6 33.7
Total PO4 (mgf) 1.69 - - .
Phosphate (0) as P (mgl) 1.37 0910 3.59 3.56
pH . 6.9 7.0 71 ©
Total PAH (ugh) 363.1 658.3 185.0 181.82 P
Naphthalene (ugn) 3.13 <2.00 <200 <2.00 o
o
o
Q
2 & 3ring PAH's 227.4(62.6%) 389.7(59.2%) 41.2(22.3%) 29.11(16%)
4,5 & 6 ning PAH/s 135.7(37.4%) 258.6(40.8%) 143.8(77.7%) 152.71(84%)
4-20c
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Table 4-12 presents the anaerobic soil column effluent results, and as can be seen.
the total PAH concentration is much less than the control columns effluent PAH
concentration. Also the amount of PAH decreases as the weeks of the study
progressed, indicating that biological degradation of the PAH’s in the groundwater
feed and;or column soil was occurring. ' |

Also noteworthy is that the relative proportion of the more biodegradable 2 and 3
ring components is less than the control column effiuent results. This would be
expected if some biological degradation of PAHs was occurring. This trend also
increased as the weeks of the study progressed.

Table 4-13 presents the aerobic soil column effluent results. The total PAH
concentration in the effluent is also less than the contral column's concentration and
shows a decreasing effect over the time frame studied. The relative proportion of 2
and 3 ring PAH components is the lowest of all columns, and they decrease over
time, further supporting that biological degradation was occurring. The aerobic
mode of operation shows the highest reduction in the lower molecular weight PAH
components of all three columns tested,

Further evidence supporting that the water phase PAH components were
biodegraded can be seen by viewing the naphthalene results. The control columns
results show that this water soluble PAH will be removed from site soil into the
effluent phase (i.e. it was solubilized). The two seeded columns however show
naphthalene removal to at, or very near, detection limit in the effluent after only one
week of operation and continiing until the end of the study. This indicates that once
solubilized, PAHSs can be degraded biologically by the soil columns opetated either
aerobically or anaerobically, even in this very limited 8 week time period.

Other results from the cffluent Tables 4-11 through 4-13 show that: (1) ample
phosphorus was available for the biclogical population to utilize, (2) the phenols (4-
AAP) washed out of the control column soil initially then leveled off, while the
aerobic and anaerobic columns which had more phenols applied in their
groundwater feeds, showed some phenol degradation, (3) TOC washed out of the
control column initially then leveled off, while the aerobic and anaerobic TOC

4-21
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effluent concentrations remained more consistent, and (4) the pH of all the soil
columns was at or very near neutral, as desired.

Sgil Results

The subsurtace soil used in the soil colurn study was sampled twice; at the start and
at the end of the 8 week study. The results of the soil sample analyses are presented
in Appendix 12, as received from Keystone's Monroeville laboratory. The initial
sampling results are labeled seeded col. and raw :ol. which stand for the sludge
seeded subsurface soil, and the subsurface soil respectively. The aerobic and
anaerobic scil columns included a sludge seed along with the subsurface soil, while
the control column was loaded with subsurface soil sample only. The final soil
sampling results are labeled by the mode of operation, i.e. aero. for the acrobic,
anaer. for the anaerobic, and control for the control column.

The results given in Appendix 12 are summarized in Tables 4-14 through 4-16 for
each column on a dry weight basis, to allow direct comparison 1o be made between
different sample results, The soil results obtained were incanclusive, with very wide
variations of chemical concentrations measured between samplings. Due to the
uncertainty of the soil sample results, no statistically valid conclusions can be made
concerning the soil column performance with regard to the soil phase.

1.7  Slurry Reactors

As part of the biodegradation work performed using site groundwater and soil
samples, Keystone also performed testing using two "slurry reactors.” These slurry
reactors, also called suspended growth biological reactors, each contained subsurface
soil from area A-04 and enough gravity settled groundwater to form a 2500 ml slurry.
The amount of groundwater and soil needed to form this 2500 mi working volume of
slurry was 1953 grams of soil and 1563 mls of groundwater. This laboratory testing
did not autempt to simulate any site hydrogeologic conditions, but instead was
designed to provide the environmental conditions necessary to maintain an in sity

microbial population capable of degrading the chemicals of interest, ie. PAH'S. The

major differences between this work and the soil calumn study was that this shorter
duration (1 month) slurty testing by design was not as mass transfer limited as were
the columns. The constant mixing provided maximum soilAvater contact in the

4.22
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SOIL COLULMN sofr, RESULTS

TABLE 4.14

CONTROL COLUMN #1

T rameter

TOC mg kg

Ol & Grease (mg kg
Phenol (mg kg)
Phospharous ( mgkg)

PH (units)

TKN (mgkg)

% Solids @ 1039C

MeCl extractables ( mgkg)
Total PAH (ug'kg)

Antimony
Arsanic
Bervllium
Cadmium
Chromium
+  Copper
VA
. nlercy
. E\’ickelry
« Selenium
= Silver
= Sodium
+  Thallium
= Zinc

EPTOX Metals (mg1)

Arsenic
Barium
Cadmium
ghromium
opper
L;:'ac?e
Mercury
Selenium
Silver

TCLP Metal (mg/l)

- " » L] » L) L 4 L

~  Anenic

= Chromium
= Copper

lgitjgl {1-11-88)
23121
5,584
356
<ILS
7839
147.9
86.5
12,023
3,348,94

<6000
9,480
<500
<3500
17,600
2,530
6,450
<100
<4000
<500
< 1000

718
<1000
144,000

<0.500
<(0.200
<0.005
<(0.010
<0.025
<0.100
<0.0002
<0.500
<0.010

<0.500
<0.010
<(.025

NOTE: Al reported results are on a dry weight basis.

Final (3.3.88)

3,977

--11,23

1.80
<635
7.69

278

78.7
1761
140,964

<6000
30,953
1.360
<500
19,314
9,199
1,865
1,741
<4000
<500
< 100Q

<1000
47,903

007961
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Parameter

TOC mgxg

Oil & Grease (mgkg)
“Phenol (mg/kg)
Phasphorous (mg’kg)
PH{ units)

TKN (mg/kg)

“z Solids @ 103°C

MeCl extractables (mgkg)
Tatal PAH (ug’kg)

Tota) Metals (u
Antimony
ArIsenic
Beryllium
Cadmium
Chromium
Copper
e
vlércu
Nickc‘:lry
Seleniura
Silver

- LI [ [ * L L] L]

- Sodium
«  Thallium
«  Zing

EFTOX Metals (mg/)
Arsenic
Barium
Cadmium
ghromium

opper
bcacix
Mercury

Selenium
Silver

TCLE Metal (mgn)

. Arscnir;
-~ Chromium

LA N Y Y

«  Copper

TABLE 4.15
SOIL COLUMN SOIL RESULTS
ANAEROBIC COLUMN #2

Initial (1-11.88
19.640

85.6

40.4

<128

- -1.96
2529

719

3594
942,849

<6000
38,400
<500
<500
22,400
<2500
4820
< 100
<4000
<500
<1000

81.0
<1284
94,736

<0.500
<0.200
<0.005
<0.010
<0.025
<0.100
- <0.0002
<0.500
<0010

<0.500 |
<0.010
<(.025

NOTE:  Allreported results are on a dry weight basis,

4-22b

Fina? (3-3-88)

14.599 S

10.839 i
3.77

99.5 L
8.19
291
774
2532
2,027,519

<6000
19,767
1,382
<300
123,773
7933
7584
3049
<4000
<500
<1000

007962
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TABLE 4-16
SOIL COLUMN SOIL RESULTS
AERORIC COLUMN #3
Parameter Initia} (1.1 1-88)
TOC mgkg 19,640
Oil & Grease (mg'kg) w88 6
Phenolﬁng&g) ' 40.4
Pmnpmxmm(mg&g) <12.8
PH (units) -7.96
TKN (m 252.9
% Solids @ 1039C 71.9
MeCl extractables (mg/kg) 359.4
Total PAH (ug/kg) 942,849
Total Metals (ug/kg)
- Antimony <6000
< Arsenic 38,400
- Beryllium <500
- Cadmium <3500
<« Chromium 22,400
- Coqfcr <2,500
- Lea 4820
+ Mercury <100
- Nickel <4000
- Selenium <500
- Silver <1000
%mﬂmbaux&;mwﬂ
- Sodium 81.0
- Thallium <1000
- Zinc 94,736
- Arsenic <0.500
- Banum <0.200
- Cadmium <0.005
- Chromijum <0.010
- Copjacr <0.025
- Lea <(.100
+  Mercury <0.0002
- Selenium <0.500
< Silver <0010
- Amsenic oo <0500
- Chromium <0.010
- Copper <0.025

NOTE: Al reported resuits are on a dry weight basis,
4-22¢

Final (3-3-88)
8,723
9.153
3.29
78.4
734
250
79.1
1094
4,070,544

<6000
9027
1302
<500
11,530
4513
5474
2.491
<4000
<500
<1000

< 1006
34,260

007963




reactors. Hence these slurry reactars served as accelerated biodegradation units,
giving a quick prediction as to the feasibility of using biological degradation at this
site. Due to time constraints imposed on the study, this slurry reactor work was
performed concurrently with the soil column experiment, rather than before it.

Procedure

Presented in Figure 4.7-1 are schematic diagrams of the aerobic and anaerobic
bench-scale reactors used in this study. Each reactor contained 2500 mls of slurry in
the total 4000 ml volume capacity of the glass reactors. An electric stirrer was
mounted inside each reactor and &t turned just fast enough to keep the scil in
suspension. The aerobic reactor was supplied humidified air through porous
airstones in order to maintain a minimum dissolved oxygen concentration of 3 mg/l
throughout the study. The anaerobic reactor was supplied with a nitrogen gas
blanket on top of the slurry surface (0 maintain anaerobic conditions in the reactor.
Tap water was used to make up for daily evaporation losses. Water removcd for
testing was not replaced,so as not to dilute the slurry mixture.

at 7. Nutrients were added to each reactor by the addition of ammonium phosphate
dibasic, so that a residual concentration of bath nitrogen and phosphorus was
maintained in the slurries. For the anaerobic reacior sodium nitrate was added as a
nitrate source for use in the anaerobic treatment process.

Test kit analyses were performed three times per week, measuring nitrogen,
phosphorus, and nitrate concentrations present in the siurry. The reactors were run
for a total of four weeks. The soil and groundwater used initiaily to seed the reactors

was sampled, as was the s0il phase and water phase of each reactor after the end of
week #4.

Results

% filtration. The water phase was light brown in color and contamcd ﬁnc pamclcs in
~ - -suspension (assumed to be clay), which made filtering difficult. The final pH of the
aerobic water phase was 7.4 and the anaerobic was 7.3. The pH fluctuated from 6.6

l The pH of both slurry reactors was monitored daily and they remained about neutral,

007964
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~soil results are not corrected to a dry weight basis.

007966

to 7.4 throughout the study. The dissolved oxygen concentration in the aerabic
reactor ranged form 4 to 8 with an average value of 6.4 mg/l, and the anaerobic sturry

reactor’s dissolved oxygen varied from 0.15 to 1.0 mg/l, with an average value cf 0.36
mg L

The aerobic reactor experienced several violent foaming incidences as laboratory
house air was added to maintain the dissolved oxygen concentration. An estimated
723 mis of water, and a2 minimal amount of soil were lost as the foam spilled out of its
reactor several times at night. Tap water was added to make-up the reactor volume,
therefore, the aerobic water phase was diluted approximately 1/3 due to this
unexpected tfoaming problem. After the initial foaming incident a commercial
antifoam product (DOW P-2000) was added. The foaming subsided but returned a
week later. Air addition to the aerobic reactor was kept at a minimum, to achieve a

dissolved oxygen concentration of 3.0 mgA in the reactor, to help alleviate this
toaming problem.

The nitrogen concentrations were measured by test kit analyses in the lab. The
aerobic reactor used an average of 1.2 mg/l of nitrogen per day, and the anaerobic
reactor used an average of 0.85 mg/l of nitrogen per day. Phosphorus was similarly
monitored throughout the study. The average daily use of phosphorus was: aerabic
1.5 mg/l, and the anaerobic 1.2 mg/l. Additionally the anaerobic siurry reactor was
supplied nitrate by adding sodium nitrate (NaNOj). The nitrate served as an
¢lectron acceptor in the anaerobic degradation reactions, similar to the role oxygen
played in the aerobic reactor. The average nitrate concentration used per day by the
anaerobic slurry reactor was approximately 3 mg/l. These test kit measurements for
nutrients and nitrate showed very consistent daily amounts used by the slurry

reactors. This can be viewed as a positive indication of biological activity occurring in
the reactors. )

The chemical analyses of the slurry reactor’s water and soil phases are presented in
Appendix 13. The first section presents the initial concentrations and the second
section presents the final concentrations after 4 weeks of operation. The results
listed in Appendix 13 are as received from Keystone's Monroeville laboratory, i.e.

007966
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Table 4-17 lists the results of the slurry reactor testing with the soil results corrected
to a dry weight basis to allow direct comparison between samples. The listed initial
soil concentration is the assumed soil PAH concentration obtained from the
statistical analysis of the six data sets of raw untreated soil PAH concentration
measurements. Initial water and soil concentrations are listed as weli as the final soil
and water concentrations after four weeks of operation. The percent removals from

‘nitial soil and water concentrations are calculated and listed for both the aerobic and
anaerobic slurty reactors.

The acerobic reactor showed a 61.6 percent decrease in total PAH concentration in
the water phase. The biological population in the slurry degraded the soluble PAH’s
after they left the surfaces of the soil particles and went into the liquid phase. The
anaerobic reactor also showed a decrease in the water phase PAH components with
over 88 percent reduction in total PAHs obtained. The daily use of nutrients,
nitrogen, phosphorus, and nitrate for the anaerobic reactor support that the decrease
in PAH concentration in the water phase was due to biological degradation, both
aerobically and anaerobically. Additionally supporting this phenomena is the results
of individual PAH components. The lower 2 and 3 ring molecular weight PAH's are
those which are more water scluble and are more readily biodegraded than are the
less soluble higher 4, 5 and 6 ring compounds. For example, the naphthalene (a 2
ring PAH) concentration in the initial siurry reactor water phase was 1910 ug/], and
in the final water phase of the aerobic reactor it was 12.3 ug/l. This represents a 99%
decrease in concentration. Similarly carbazole (a 2 ring PAH) showed a 97%
decrease, and acenaphthylene (a 3 ring PAH) showed a 51% decrease, in the aerobic
slurry reactor. The anaerobic slurry resctor water phase showed similar high
removal rates for the low ring PAH components: naphthalene >99%, and carbazole

>97%, (acenaphthylene had an interference in final testing and no result was
reported). ’

The soil phase of the slurry reactor experiment presents the same problem addressed
earlier concerning the wide variations encountered in analyzing a heterogeneous soil
matrix by a very sensitive analytical technique. This becomes even more of problem
when the PAH concentrations are elevated. For this reason, it is difficult to interpret
the soil results from one PAH measurement from each treated slurry reactor soil.

“The high PAH concentration found in the one treated anaercbic soil test was the

highest of all measurements in the treatability work, at twice the next highest soil
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(I)  Theresults reporied are on a dry weight basis.
(2)  Total PAH (ppb) = Totai polynucienr aromatic hydrocarboas, in parts per billion (ug/ for the water plmse, and ug/kg for the soil phase).
(3) Total PAH mean value from statistical analysis, assumed raw soil eoncentratlon
© {4)  (4)indicates an incresse in that parameter’s concentration.

TABLE 4-17
| SLURRY REACTOR RESULTS(})
AEROBIC SLURRY REACTOR
, Co Initis] Final Percent Initial - Final Percent
: Earameter Water Watsi Removal Soil Soil Removal
' pH 7.4 7.4 . 8.53 7.22 15.4
% Solids - . - 86.7 74.1 . 145
Total PAH (ppb)(2) 2311.¢ 888.0 61.6 3,747,49003) 1,999,825 46.6
‘ ANAEROBIC SLURRY REACTOR
N - :
e . Enitial Firai Percent Initial ~ Fiaal Percent
SR o' Parnmecter Water Water Removal Soil S0l Removal
- pH 74 7.3 1.4 8.53 7.33 14.1
. % Solids | .- - - 86.7 716 10.5
Total PAH (ppb)(2) 23114 275.2 88.1 3,747,490(3) 5,046,289 (+)
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PAH result obtained in the study. It would be unwise to attempt to draw any
conclusions from one soil result for each slurry reactor soil due to the inherent
variations of analytical results discovered during these soil analyses.

4.8 Activated Sludge Co-Treatability

Introduction

As part of the initial technology screening selection process, activated sludge
treatment for the groundwater was proposed for inclusion in the laboratory
evaluation. Based upon both published literature, and Keystone's in-house data on
biclogical trea*ment of wood treating wastewaters, it was decided not to spend any of
the treatability budget on evaluating a technology which is proven to be technically
feasible on the chemicals of interest found at the South calvalcade site. Additionally
the concept of co-treatability would be difficult to accurately simulate on a bench-
scale and is better suited for a pilot plant study. A 1987 Keystone pilot plant study
which tested the concept of co-treatability, proved it to be technically feasible, and
will be used as an example for comparison to the South Calvalcade site.

The pilot plant treatability study was designed to treat groundwaters form Former
Manufactured Gas Plant (MGP) sites in conjunction with municipal wastewaters, at a
Publicly Owned Treatment Works (POTW). Specifically this study was performed at
a New York POTW which uses conventional activated sludge treatment and has an
average daily flow of about 1 million gallons per day (1 MGD). This pilot study was
designed as a research project for the government, as well as a specific MGP site
remediation project for a utility company client. The chemicals of interest for the
MGP sites listed in Table 4-18 include all of the chemicals of interest found at the
South Calvalcade site. )

The majority of the chemicals of interest are biodegradable to different degrees in an
activated sludge process, with some exceptions, i.e. metals. However, the fate of
these chemicals once added as feed to a POTW activated sludge wastewater
treatment process is not presently known. For this reason, the investigative pilot
- —--workwas performed. - o T DT TUUTEIIL o e
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TABLE 4-18

-

*CHEMICALS OF INTEREST" ASSOCIATED WITH MGP SITES

¢ INORGANICS

AMMONIA
CYANIDE
NITRATE
B SULFATE
W . SULFIDE

THIOCVANATES

N o
wh - -4

& Refzrencer
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s METALS

ALUMINUM
ANTIMONY
ARSENIC
BARIUM
CADMIUM
CHROMIUM
COPPER
IRON
LEAD -
MANGANESE
MERCURY
NICKEL
SELENIUM
SILVER
VANADIUM
ZINC

S|
Management of Manufactured Cas Plant Sites, Volume IV Site Rus
CRI-87/0260.4

® VOLATILE

AROMATICS e PHENOLICS

BENZENE PHENOL

TOLUENE

TOTAL XYLENES 2. 4-DYMETHYL-
PHENOL

* POLYNUCLEAR AROMATIC

HYDROCARBONS
ACENAP!HTHENE

. ETHYL BENZENE 2-METHYLPHENOL ACENAPHTHYLENE
4-METHYLPHENOL ANTHRACENE

BENZO (A) ANTHRACENE
BENZO (A) PYRENE

BENZO (B) FLUORANTHENE
BENZO (G, H. I) PERYLENE
BENZO (K) FLUORANTHENE
CHRYSENE
DIBENZO (A, H) ANTHRACENE
DIBENZOFURAN
FLUDRANTHENE
FLUORENE
NAPHTHALENE
PHENANTHRENE

PYRENE
2-METHYLNAPHTHALENE

t i \ .
nmr d;mm Geystone Environment al Resources et al,




Erocedure

The pilot plant simulated the operating conditions present at the POTW, in order to
evaluate the effects of adding industrial type groundwater feeds into an acclimated
population of microorganisms treating raw sewage. The pilot plant consisted of
three separate reactors each consisting of a 45 gallon activated sludge aeration tank
and a 30 gallon external clarifier, all made out of stainless steel, One reactor served
as a control unit, and received only POTW influent. The second reactor was fed a
mixture of 20% industrial groundwater and 80% POTW influent. The industrial site
groundwater was collected from a former coke plant site which contained clevated
concentrations of coke and cos! tar components. The level of contamination present
in the industrial site groundwater was much higher than the MGP site groundwater,
or the South Calvalcade site groundwater. As such, this industrial site feedwater
served as a worse case treatment scenario for the activated sludge experiment. The
elevated concentrations present in the industrial site groundwater, ensured that
dilution alone would not render the influent concentrations to the biological reactor
below detectable limits. The third reactor was fed 5% MGP site groundwater and
95% POTW influent water. The 5% figure for the MGP site was based upon the
estimated dilution of site groundwater if all of it was pumped to the POTW for
treatment. This ratic was actually less than 1% but was increased to provide a safety
factor and to allow possible future higher pumping rates from the site. Even at this
higher percentage, influent chemical concentrations for the MGP site reactor were
below detectable limits, due to the dilution effect aloae.

All three reactors were maintained at a solids retention time (SRT) of approximately
13.5 days, and the hydraulic retention times (HRT) were maintained approximately 8
hours. The reactors were operated for a total of 50 days with steady-state conditions
assumed during the last 10 days of operation. At this assumed time for beginning
steady-state operation, the initial seed activated sludge was 87% "washed-out" from
the reactors. Thus the sludges in each of the three reactors were representative of
the long term sludges which would be obtained from treating each of the respective
influent wastewaters.

- During operation of the pilot plant inteasive sampling and analyses were performed

on each reactor, whizh included: the influent and effluent streams, the raw waters
used to make the influent, the wasted biological sludge from the aeration tank, a

4.27
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I TABLE 4-19
INFLUENT WATER UALITY RESULTS
I STEADY-STATE MEAN 8o~cr:mmno~sl )
I (% 2£95%C)H
Chemical Control (MGP) (Industrial)
' ter LUnit _ Beactor A R _
‘ %ls(um‘ts) 23 & 0l 12 &+ 01 12 &+ 01
l 8 + O "o+ 7 121 3 a3
vSS NI s $1.% 10 108 ¥ 712 «
FsS 6 + 18 + 25 2 + 2 [~
I TOC i + 14 9 3 9 49 + s o
BOD.T 32 2 3% 46 + 28 M4 + Y
BOD'S 2 % N 7 ¥ o 2 3 o
I COD-T 181 & 83 42 32 171 & & ©
CoD-S 91 + 36 2 2+ 4 119 =+ 19 O
Q&G 6 + 1 U+ 2 + $
TDS 48+ 170 N + 9 45 + 7
I TDVS 132 + 148 8% + 128 4 + 3
TDF$ 9% + 0 89 + 7N 61 =+ 50
Conductivity
l umhoslcm 84 + 94 n &+ s 819 + 59
Ca%"(g"%‘;-l 4.5) 36 + 39 B0 + 2 293 18
) 4+ 5.3
TKN 3P 18 & 9 3 3 9 = 3 -
Oriho-Phosphate 16 + 0.1 09 + 2 12 &+ 12
. [norganics:
Ammonia Nitrogen 15 =+ 3 15 =+ ) 15 + 2
Nitrace Nitrogen 006 =+ 007 006 + 0.} 007 + 0.}
Sulfare 0 & 7 N + 24 62 + 12
Sulfide 146 + 0383 <l 3+ 0 <Ll + 03
Thiocyanate <l2 + 05 <! 3 0 <l =+ 0
Total Cyanide <001 & 003 + o00] 003 = 0.0
I olatiis Or fRanics:
Benzene (ug 1) <231 o+ 063 <:d41 + 081 6 + 195
l;olulene(ug’i) 667 * 193 386 + 594 163 ¥ 132
ota
Xylenes (ugn) <44 + 39 SR N A [ T oo 170 . 123
otal _
Phenolics (ugn) 31 o+ 18 69 + 170 937 474




TABLE 4-19 {continued)

INFLUENT WATER QUALITY

RESULTS

STEADY-STATE MEAN CONCENTRATIONS(!)

(% £9%%C1)

(Industrial)

o

Chemical Control (MGP)

Parameter Unit RgsgzLA
clear atic Ayd :

Total PAH (ug) <239 + 387 <996 +

NOTE: (Day values in mg/ unless otherwise noted,

3607.1  + 1654.4

Reactar B Ce
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TABLE 4-20
CLARIFIED EFFLUENT WATER QUALITY RESULTS
STEADY-STATE MEAN CONCENTRATIONS
Y
(X 95, CI) {MGP) (nmus‘mm,)
WATER QUALITY CONTRCL REACTOR A
TV PARAMETER REACTCR A EAgTGR
CONVENTIONAL:
PH, UNITS 782 0.17 | 7.9%9.2 [ 7.9t 9.2
Alk. 3s CaC0; (pH-4.5) | 213 4 46 18215 | 202+t o4
TOTAL SUSPENDED SOLIDS| 1g% 4 12+ 3 19¢ 3
TKN 1.92¢ 2 1.2£0.5 | 1.52¢ 4 4
ORTHO-PHOSPHATE 199t 0.4 0.6t0.1 | 9.7¢¢ ¢
TOTAL ORGANIC CARBON 104 2 6.5t1.5 | g 544
800g ~-T 9t 5 62 7t 4.5
BODs -5 2% 1 2t 14 1% 4
Coo -T 32t 14 26tg 3t g
coD -5 27t s 15¢ 14 27t §
OIL AND GREASE <6+ 0 <614 <61 @
INORGANIC:
AMMONIA NITROGEN <tt 0 <1t o <1t 0
TOTAL CYANIDE <0.04% 0 <0.01t 0 | <0.01% ¢
NITRATE 14% 4 13% 4 12¢ 2
SULFIDE <1t 0 <1t g <Lt 0
THIOCYANATE <it 0 <tt 0 <{t
H SULFATE 73% 3 100 £ 3 64t 5
VOLATILE AROMATICS:
BENZENE, ug/1 <0.98% 1.16 [<0.91¢ 1.24] <1.03¢ 1.4
TOLUENE, 431 <0.92% 1.22 [<0.56t 1 | <0.92¢ 4. 2
XYLENE, gl <i.4%1.84 |<0.84t 1.5 |<1.38% 4.
TOTAL PHENOLICS:,49/1 |18.9 215.02 [16¢ 9 32t 27
N - . .
{ TOTAL Pamt, 49/1 —|cg.g6t o <9.96t 0 |19.22 &

NOTE: ALL VALUES EXPRESSED IM m
< VALUES INDICATE LESS TH)

4-28c

/1 UNLESS OTHERWISE NOTED.
N DETECTABLE CONCENTRATIONS.
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TABLE 4-2}
( INDUSTRTIAL)
REACTOR B MASS BALANCE RESULTS
—‘-M

r X OF

INFLUENT

f X OF X OF X OF IN

’; * OF | SOLUBILITY INFLUENT INFLUENT 1IN INFLUENT CLARIFIED

PAH COMPONENT RINGS | sg/t VOLATILIZED WASTE SLUDGE BIODEGRADED EFFLUENT
NAPHTHALENE 2 31700 4.2 0 95.8 0
ACENAPHTHENE 3 3930 - 0 100 0
i ACENAPHTHYLENE 3 - 6.8 o 93.2 0
ANTHRACENE 3 73 <2.5 0 ' 100 0
FLUORENE 3 1980 <0.3 o 100 0
PHENANTHRENE 3 1290 <0.4 0 100 0
BENZO (A) ANTHRACENE 4 14 <0.2 3.0 93.4 3.6
CHRYSENE 4 2 <1.9 3.2 91.4 5.4
FLUORANTHENE p 260 <0.3 0.4 99 .6 0
PYRENE 4 135 <0.3 1.6 98. 1 0.3
BENZO ix) FLUORANTHENE 5 - <1.3 25.5 53.2 21.3
BENZO (A) PYRENE 5 3.8 <0.6 21.5 59 19.5
8ENZO (B) FLUORANTHENE 5 - <0.5 30 48 22
DIBENZ (A, H) ANTHRACENE 5 2.49 <1.4 30.1 ' 45,5 24.4
INDENO (1, 2, 3-C, D) PYRENE 6 - <1.9 29.9 , 51 19.1
BENZO (6. M, I) PERYLENE 6 0.26 <1.2 31.2 . 45.8 23

NOTE: LESS THaN VALUES *<* ARE CONSI%E&E—'PQAﬁ ERO VALUES .
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TABLE 4-22

WASTE ACTIVATED SLUDGE QUALITY RESULTS
STEADY-STATE MEAN CONCENTRATIONS

(X % QSXCI) (HCP) CINDUSTRIAL)
[ CHEMICAL CONTROL REACTOR REACTOR
.PARAMETER UNIT A B
CONVENTIONAL
~] ®PH, UNITS 7.4 + 0.9 | 7.5+ 0.2 7.6 + 0.2
2] e OIL & GREASE 4. 156 + 7, 464 3.245 + 1,901 | 5 489 4 4 660
“f e TOTAL PHOSFHORUS |11, 078 + 8390 24, 653 t 4, 468 [24, 121 + 5 234
e TKN 66. 382 + 109, 500 61.516 & go, 149167, 820 + 71, 3086|
® BTU/LB 311 — ~
VOLATILE ARCMATICS
® BENZENE <0.308 + 0.414 <0.351 + 0.247 | 6.848 1 20.759
® TOLUENE <0.350 + 0.361 <0.245 + 0.118 | 0.665 # 1.150
® XYLENE <0.213 *+ 0.544 <0.271 + 0.355 {<0.667 % 0.935
TJOTAL PHENOLICS 324 + 554 | 167 + 224 774 t 1, 228
YOTAL PAH 7 + 4.8 6 + 3 449 t 514
RESULTS IN mg/kg (DAY

WEIGHT) UNLESS OTHERWISE INDICATED
N DETECTABLE CONCENTRATIONS
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interest present in higher concentrations than those measured in the South
Calvalcade site groundwater. Of concern for the South Calvalcade site is that the
groundwater may not contain enough saluble biodegradable organics to maintain the
organic loading rate needed to support the large population of organisms present in
an activated sludge system by feeding groundwater alone. Hence the concept of co-

treatability was considered to be a technically feasible solution for treating site
groundwater by using the activated sludge process.

Relevant performance data was obtained from Keystone's in-house data base for tar
plant, coke plant, chemical plant, and wood preserving (crzosote) plant wastewaters.
Nineteen separate cases were noted using different wastewaters and/or operating
conditions. All of the data were obtained from bench-scale or pilot-:-ale wastewater
treatability studies except for one full-scale study (Case 11). These wastewaters
contained compounds which are similar to MGP site components including:
phenolics, polynuclear aromatic hydrocarbons (PAHs), benzene, toluene, xylene
(BTX), some metals, and various indicator parameters, i.e. oil and grease, ammonia.

The performance data from the nineteen cases (1-19) are presented in Appendix A
of this report. Included in Appendix A are the range of operating conditions
followed by the specific performance data in the form of ~ercent removals based
upon influent and effluent analytical values. The following is a summary of the
performance data broken down by the type of chemical compound analyzed.

0 Phenols (4-AAP) removal was very good with removal rates generally
exceeding 99 percent. The influent phenols concentration ranged from

21 mgA to 1,041 mg! and effluent phenols concentrations were 0.005
mg/l to 1.81 mgA.

Q Total cyanide, ammonia nitrogen, and thiocyanates (SCN) were also
removed ¢ ite well irom the wastewater in two particular cases (5,6).

These two cases focused on the remtoval of these parameters through
biological nitrification. Ammonia nitrogen, thiocyanate, and cyanide

were renioved by greater than 99 perceat in both cases except for
cyanide (98.8 percent) and ammonia (95 percent) in case 6. Influent
ammonia nitrogen ranged from 1,131 mg/ to 33.9 mg/! and effluent
“values from 4.05 mg/l to 1.51 mgf. Influent thiccyanate values were

4-30
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430 mg/ and 570 mgA with corresponding effluent values of | mg1and
.39 mg/l. Total cyanide values were 207 mg/l influent with 0.6 mg/l
ctfluent, and 242 mg/ influent with 2.96 mg/l effluent.

Three cases (5, 11, 19) show pertinent data relative to three purgeable
dromatics:  benzene, toluene, xylene (BTX). In ali cases these
compounds were removed by greater than 99 percent. Influent
benzene ranged from 0.0765 Mg/l t0 5.35 mg/! and was reduced to less

- than 0.01 mg/ t0 0.008 mg/l (effluent). Influent xylene (9.9 mg1to 11.4

mg/) was reduced to 0.057 mgAl to 0.012 mg/ (effluent). It was not
quantified as to what portion of the removal, if any, was due to air
stripping and what was due to biologicatiy degradation.

Results of the PAH performance data were also good. In most cases,
PAH were removed by greater than 95 percent.

There was little data found On metals removal using the activated
sludge process. The activated sludge process is not = process through
which meta!s are deliberately removed, however, some removal may
take place by which the metals are attached to the biological soiids and

are settled with the sludge. For this reason, the metals concentration
in activated waste sludge may be of some concern.

Other indicator parameters including oil and grease, total organic
carbon (TOC), and dissolved solids are aiso reduced through the

activated sludge system, Appendix A shows the various irifluent and
effluent values along with the respective removal percentages.
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50  ENGINEERING DESIGN CONSIDERATIONS

Groundwater Samples

The site chemicals of interest were primarily coal tar and Creosote based chemicals
along with some vonventional pollutants and metals.  Site groundwater was a .
composite sample from wells OW.- 1 and OW-11 located in the formerly identified o
cuke plant processing area, Characterization data on the groundwater quality is
o presented in Appendices 1 and 2 and in Table 3-1. The groundwater sampled
: initially on-site contained total polynuclear aromatic hydrocarbons (PAH) at about
71,400 ugA, phenals (4-AAP) at about 8 mg/l, BOD at 325, COD at 580, oil and
grease at 113 mg/l, arsenic at about 12 ug/l, lead at about 6 ug/l, and the pH was 7.2,

P

007981

.

: _ middle supernatant layer. Table 4-1 presents the results of gravity setiling versys
R I polymer addition for oil/water phase separation testing. Gravity settling schieved an
o 86 percent decrease of the oil and grease present in the groundwater sample tested,
el ' The methylene chloride extractables concentration was reduced 70 percent, ang total

successfully flocculated the oil phase in the groundwater into a dense stabja sludge.
These polymers and the dosages utilized were:

Amerfloc 10 @ 300 ppm
Amerfloc 5260 @ 4 ppm
and
Amerfloc 10 @ 300 pPpmn
Amerfloc 5278 @ 4 ppm

PR

[

3
.

The volume of wet sludge generated from these two polymer tests was 11.2 galions
per 1000 gallons of groundwater polymer treated (1.12 volume percent). This sludgs
dried at 103°C was 0,07 pounds of dry weight sludge per 1000 of groundwater T
polymer treated, Polymer treatmen: achieved %0 percent oil and grease removal and
19 percent methylene  chloride extractables removal from groundwater

I

"

il

' PAH concentration was reduced 73 percent from initial groundwater concentrations.

;
i
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1 .
: .

concentrations. Due to the added cost of polymers, and only slightly better removal
rates, it was decided to use gravity seuled groundwater supernatant in laboratory
testing.

Soif Samples

Site soil samples were collected from soil boring area A-04 identified as an old
creosote dumping area, between soil borings AQ04-SBO1 and A04-SB0O2. The
accomplished objective was to obtain site soil which contained the site chemicals of
interest at elevated concentrations. The PAH concentration of the soil sampled was
as high as 8 grams of total PAH per kilogram of soil (0.8%). PAH concentrations
varied widely between soil samples analyzed, despite the good sampling, and
analytical techniques employed. This variation is due to the heterogeneous nature of
a soil matrix and to analyzing contaminated soils with sensitive analytical techniques
which measure concentrations in the parts per billion range.

As an attempt to obtain the best representation of average soit PAH concentrations,
six sets of measured untreated site soil PAH data were entered into a statistical
computer program. The average mean PAH concentration obtained from the
statistical analyses was about 3.7 grams of total PAH per kilogram of soil (0.37%).
Table 4-5 presents the statistical symmary of the measured cite soil PAH
concemtrations.

hemi jdati

Chemical oxidation testing using ozone in conjunction with uitraviolet light was
performed on site groundwater samples. [nitially an ozone/UV screening run was
performed using TOC, phenols (4-AAP), naphthalene, and pH as treatment
indicator parameters, to pick the optimum ozone dosage to apply. The resuits of the
screening run showed that a 10 minute ozone/UV exposure time (285 mg ozone/liter
groundwater) was optimal. Phenols (4-AAP) were reduced almost 99 percent from
influent concentrations and the ozane utilization was 59 percent of the total azone
applied to the groundwater sample.

The first order reaction rates (K rates) were calculated, for the phencls (4-AAP) = -
0.0077 and naphrhalene = -0.0046. These negative K ra:es show that reduction of

5-2
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the measured parameters occurred duning testing. Appendix § presents the

complete resuits of the ozone screening run and Appendix 6 presents the K rate
calculations.

A final ozone/UV sampling run was performed at the 10 minute exposure time
chosen from the screening run test (285 mg 03 per liter groundwater). The ozane
utilization efficiency was almost identical to that obtained in tiie screening run test at

57 percent. The phenols (4-AAP) reduction obtained after 10 minutes of ozone/UV
~ treatment was alsa reproduced with about 98 percent obtained.

The site chemicals of interest were analyzed for in the ozone/UV treated effluent.
The pH measuted in the influent was 6.7 and 6.4 in the treated effluens. Little or no
effect was seen on the conventional poflutants (except phenol) and on the metals.
Total PAH concentration was reduced 52 percent in the ozone/UV treated effluent.
The effluent and ir. Juent groundwater were tcxic in the Microtox [M bioassay test
method, which uses luminescent marine bacteria as the test organisms.

Activated Carbon Treatment

Keystone performed isotherm testing on the site groundwater using Calgon
Corporations F-300 granular activated carbon, pulverized so that 95 wt % passed
through a 325 mesh screen.

The maximum adsorptive capacity for the F-300 carbon treating site groundwater
was estimated based upon isotherm test results and the concentrations of chemicals
present in the groundwater. Based upon the groundwater concentration of
naphthalene at 2.74 mg/, the estimated carbon usage from the isotherm testing is
9.85 pounds per 1000 gallons of groundwater treated. The carbon usage based upon
the phenols (4-AAP) groundwater concentration of 7.45 mg/, is 4.67 pounds of
carboa per 1000 gallons of groundwater treated. The estimated carbon usage rate

for the groundwater TOC concentration of 56 mg/, is 2.08 pounds per 1000 gailons
of groundwater treated.

The Calgon Corporation’s Pittsburgh Pennsylvania laboratory was contracted to
perform their accelerated carbon testing (ACT) program on a sample of site

" ———-groundwater provided to them by Keysione. The Accelerated Column Test (ACT)
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report issued from the Calgon Corporation’s Pittsburgh, Pennsylvania laboratory is
presented in Appendix 9a. The ACT used F-300 granular activated carbon and
simulatd a carbon column system. Since no projected flow rate of pumped site
groundwater, or any permit limits were available at the time of this treatability
testing. Keystone specified the following conditions to Calgon tor the ACT: a 1§
minute empty bed contact time, the treatment indicator parameters and example
treatment objectives of, TOC = 30 ppm, phenols (4AAP) = 0.5 ppm, and
naphthalene = 0.5 ppm. o : ' '

Table 4-3a summarizes the resuits of the activated carbon work performed by both
Keystone and Calgon. The predicted carbon usage estimates generally agree
between Calgon's ACT and Keystone's isotherm tests. The predicted carbon usages

were based upon testing of a gravity settled composite samnle of site groundwater
from Wells OW-10 and OW-11:

TOC = 20810 2.5 #/m
Phenols (4AAP) = 2.75t0 4.67 #/m
Naphthalene = 0.85 to 1.0 #/m

where #/m is pounds of F-300 activated carbon used per 1000 gallons of site
groundwater treated.

Soil Washing

Bench scale soil washing testing was performed by Keystone using the surface and
subsurface soil samples collected from the site. The soil washing involved
mechanical energy in the form of violent mixing to contact the soil with washing
solutions containing surfactants, to free the trapped oil and grease type contaminants
from the soil samples. A battery of soil washing experiments were performed and
the results from the three most successful ones for both the surface and subsurface
soil samples are presented in Tables 4-5 and 4-6. Over 96 percent remavals for oil
and grease, and methylene chloride extractables were obtained in these six soil
washing experiments.

Conditions of the most successful screening run soil washing tests were chosen to run
a final soil washing test on each of the soil samples - surface and subsurface. The

~~analyses were identical to the screening run parameters ¢xcept that PAH analyses
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were also included. Results from the tinal soil washing tests are presented in Tables
4-7 ard 4-8. The high percent removals obtained in the screening runs for oil and
grease, aud methylene chioride extractables were dupiicated in the final runs.
Additionally PAH remgovals obtained in the surface soils were 77 percent, and in the

subsurface soil run over 99 percent, from the statistical mean PAL concentration
obtained for the raw untreated soils.

-Conditions for the finaj soil washing tests were two 45 minute washing cycles followed

by one 10 minute ringe cycle. A wash cycle consisted of a 15 minute mixing time
tollowed by a 30 minute washing/foaming time. Each fina] run utilized 500 grams of
soil in 2500 mls of warm tap water. The amcunt of surfactants added iq the first wash
was decreased $0 percent for the second washing cycle. The type and amounts of
surfactants used are listed on each table of results previously identified,

itu Soi a i ail Co

A bench scale soil biodegradation experiment was performed for 8 weeks to evaluate
the feasibilitv of biologically treating soils on-site. The experiment involved pumping
site groundwater upflow through packed soil columns at a flowrate which simulated
the permeability of site soils, thus simulating the saturated soi] Zone on-site. The soil
columns were supplied nutrients and a sludge seed, as well ag maintaining proper
environmental conditions for enhancing biological degradation of the organics
present in site soil and groundwater samples. One column was Operated aerobically,
One anaerabically, and one served as a control colvmn.

Results of the soil colymnp effluent sampiings are presented in Tables 4-11 through 4-
13. The results indicate that the water phase PAH constituents were biologically
degraded, with an increasing degradation rate towards the end of the eight week
study, once the microbial Population was acclimated and well established,

The control colymp effluent data showed that naphthalene was consistently being
washed out of the sojf column, with an average concentration of 824 ug/l. The
aerobic and anaerobic soil column effluents contained less PAH concentrations than

§.5 _

the influent groundwater PAHs was occurring. The control column received no 4
- nutrients or sludge seed and was fed only tap water, thus the PAHs present in the

it
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control column’s effluent was due solely to the PAHs solubilizing off the calumn's sail
and into the effluent. The large majority of the PAH's present in the control
column's effluent were the lower ring, lower molecular weight PAH's as would be
expected due to their relatively higher solubility in water.

The anaerobic soil column’s effluent contained 78 percent less PAHs initially and by
week #8, 92 percent less than the control’s. The percentage of 2 and 3 ring PAHs in
ih.c.: anaerobic columns effluent showed a decreasing effect each sampling during the
study, indicating that more efficient biodegradation of the soluble PAH's was

occurring as the biological population became acclimated and more established
within the soil column.

The aerobic soil column effluent data also shows that PAH biodegradation was
occurring in the soil column, but at a slightly lesser rate than that obtained in the
anaerobic column. The initial groundwater PAH concentration was reduced 36
percent in the aerobic soil column’s effluent in the first sampling, and it increased to
a 78 percent reduction of influent PAH concentration by the last sampling in week
#8. The relative proportion of effluent PAHs which were more soluble (the 2 and 3
ring components) decreased from 62 percent initially to 16 percent by week #8,
indicating that this microbiological population also increased and became more
efficient at degrading the soluble PAH components after eight weeks of operation.

The soil phase of each column was sampled twice, initiafly upon loading and at the
end of the 8 week study. The results are presented in Appendix 12 as received from
Keystane's Monroeville laboratory, and in Tables 4-14 through 4-16, corrected 10 a
dry weight basis. The soil results varied widely due to the heterogeneous nature of
the soil matrix. The wide variation of concentrations measured for the site chemicals
of interest made it t0o uncertain to attempt to draw any conclusions concerning the
soil column performance with regards to the sol phase.

Slurry Reactors

As part of the biological degradation work performed by Keystone on site soil and
groundwater samples, two biological slurry reactors were tested. These slurry

reactors, also called suspended growth biological reactors, cach contained a slurry of
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site soil suspended in site groundwater by an electric stirrer. One reactor was
operated in the aerobic mode, the other anaerobically.

Each reactar contained 56 percent by weight of area A-04 subsurface soil and 44
percent by weight of site groundwater, to form a total slurry volume of 2500 mils,
Both reactors were supplied nutrients and an electron acceptor in the form of either
oxygen in *the aerobic, or nitrate in the anaerobic reactor. Test kit measurements
indicated tnhat a consistent usage of both nutrients and electron acceptots occurred,
and that the desired environmental conditions for biolegical growth were maintained.

The aerobic reactor experienced several unexpected violent foaming incidences
during the 4-week study. Commercial antifoam products were needed to subdue this
foaming. As a tesult of the reactor foaming an estimated 1/3 of the reactors
groundwater phase was lost and was replaced by tap water.

The soil and water phases were separated at the end of the four week study, and
each was submitted to Keystone’s Monroeville laboratory for analyses of: pH,
percent solid, and PAH. The water phase results showed a decrease in PAH
concentration for bath reactors. The aerabic reactor achieved a 66 percent decrease,
and the anaerobic an 88 percent decrease¢, Results from the soil phase were
inconclusive with the aerabic reactor showing a decrease and the anaerobic reactor
showing an increase in totai soil PAH concentrations. The uncertainty involved in
the soil PAH analyses due to the wide range of concentrations measured made it
difficult to identify any trends for the slurry reactors performance with regards to the
soil phase.

The results from this slurry reactor work are presented in Appendix 13, as received
by Keystone's Monroeville laboratory, and in Table 4-17 corrected to a dry weight
basis and compared to the statistical mean soil PAH concentration generated by the
statistics program.

Activated Sludge Co-Treatability Study
The concept of treating contaminated groundwater jointly with domestic sanitary

_wastewaters at a publicly owned treatment works (POTW) was tested in a separate
" project by Keystane in 1987 on a pilot plant scale. This study is used for comparison
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to the South Calvalcade site due to the majority of the same chemicals of interest
being present in the groundwater tested in the pilot study.

Specifically the study entailed treating two groundwaters containing coal tar related
chemicals of interest. One was collected from a former manufactured gas plant site,
where formerly “town" gas was produced for lighting and heating from coal or oil.
The second groundwater was more highly contaminated with coal tar chemicals from

a former coke plant operations. The groundwater quality and the chemicals of

interest are presented in Tables 4-18 and 4-19. The POTW process simulated
employed activated sludge treatment and treated an average daily flow of 1 million
gallons per day. A control reactor was also operated as a baseline for comparison,
and it received only POTW influent wastewater feed.

Operating conditions for the three pilot plant reactors simulated the POTW as
closely as possible. The solids retention time (SRT) was maintained at about 13.5
days. The hydraulic retention time (HRT) wa. about 8 hours. ‘The pilot plant
operated for 50 days, with steady state conditions assumed during the last 10 days of
operation, At this assumed steady state time the initial activated sludge seed taken
from the POTW was 87 percent "washed out" from the pilot plant reactors. Thus the
sludges in each of the three reactors were representative of the long term sludge
which would be obtained from treating each of the respective influent wastewaters
tested.

The results of the clarified effluent quality obtained from these three pilot reactors
are listed in Table 4-20. Table 4-21 presents the PAH mass balance for the pilot

reactars sludges, and Table 4-22 presents analyses for the chemicals of interest in the
three sludges.

A summary of the results presented in these tables is presented here and in the
report. All thres reactors produced the same quality effluent with regards to
conventional, inorganic, volatile aromatics, and metals chemical parameters. In
terms of phenolics and total PAH, the coke plant site reactor showed slightly higher
effluent concentrations. These higher effluent results for the coke plant reactor
effluent were below Best Available Technology (BAT) treated discharge standards

recently set for the organic chemicals industry (52 Federal Register 42522, November
1987, B B

5.8
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Based upon steady-state air monitoring results, the coke p'rnt reactor was the only
one of the three reactors which had measurable aeration tank volatilization of
benzene, toluene, acenaphthalene and naphthalene,

A mass balance calculation on the wasted sludge from the reactors, presented in
Table 4-21, indicates that the coke plant reactar’s sludge contained greater amounts

of volatile aromatics, total phenclics, and total PAH components than the contro! or
MGP reactors.

The metals concentration of the wasted activated sludge for all three units was

approximately the same. The results of the analyses performed on the wasted
sludges are presented in Table 4-22,

In summary, the results of this study support that the addition of MGP type
groundwaters into municipal wastewater treatment plants should result in non-
measurable effects in terms of activated sludge wreatment performance, and
nonsignificant effects in terms of treated discharge water quality. The South
Calvalcade groundwater is less concentrated in the chemicals of interest than was the
toke plant wastewater which was successfully treated at a 20 percent by volume
flowrate in the pilot experiment.

Keystone - Data Base

Appendix A presents 19 cases of successful application of the activated sludge
treatment process from Keystone's files. Generally the case studies presented
treated similar chemicals of interest as are present at the South Calvalcade site, but
they were usually treating process wastewaters which contained much higher
concentrations of these chemicals of interest than are present in South Calvalcade
groundwater.

Exampies given include activated sludge treatment of coke plant, tar plant, and
creosote wood preservation plant wastewaters. These wastewaters contained such
chemicals of interest as: phenolics, PAH, benzene, toluene, sylene, oil and grease,
ammonia, and some metals. Operz}_t

S e e e s
i 3 Lot bR 7 o R B S TR - B

ing conditions of the treatment processes are




given in Appendix A, along with influent and
removal rates obtained, A summary of results o

effluent concentrations and percent
btained is presented i the report.
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PRODUCED ON 12/10/87 AT 13 28 PaGE

A==a==

007994

SAMPLE # RSLT. LNE SQURCE
BIOCHEMICAL OXYGEN DEMAND (9 DAY. TOTAL)
87110468  BOD. mg/L. . ... 329 OW-10%11
87110469 BOD, mg/L........... <1.00 FB
87110470 BAD, mg/L. ... ... ... . <1.00 T8
CHEMICAL OXYGEN DEMARL {(TOTAL)
871104468  COD (Total), ‘mg/L... : 380 OW-108&1 ¢
87110469 COD (Total). mg/L... %0. 0 FB I
a7110470 COD (Tatal):, mg/l-... : <10.0 T8
QOIL & GREASE, TOTAL RECOVERABLE., GRAVIMETRIC
87110448 0il % Grease, mg/L.. 113 OW-10%11
87110449 Oil & Grease: mg/L.. <&.00 FB
87110470 Oil & Grease, mg/L.. : <5 00 TB <t
TOTAL RECOVERABLE PHENOLICS (AS§ PHEMOL)
87110448 Phenol, mg/L... .. .. . 831 OW-10%&!11 C
87110449 Phenol, mg/L.... . .. <0. 003 £B o
87110470 Phenol, mg/L. ... . ... <Q. Q09 8 [~
TOTAL KJELDAHL NITORGENM o
87110468 TKN as N, mg/L...... 3. 99 OW-10&11 o
87110469 TKN as N, mg/L.. ... . <1. 00 3]
87110470 TKN as N, mg/L.. . ... <1.00 T8
ITAL ORGANIC CARBON
~7110468  TOC, mg/L... .. .. ... 63. 4 Ok-10&11
87110449 TOC, mg/bk. ... ... .. <1.00 FB
87110470 TOC. mg/L. ... . .. ... <1.00 T8
TOTAL PHOSPHATE
87110468 Total P04, mg/L..... <0. 100 OW=i0&11
87110449 Total PO&, mg/L. . ... <0. 100 Fg8
87110470 Total PO4. mg/L..... <0. 100 T8
pH
87110448 pH, units. ... ...... 7.2 OW=-10%11
87110469 pH: unite. ... ... ... g9 FB
87110470 pH, umits. ... ....... 7.8 TH




ABLE 2: SUMMARY OF METALS DATA

PRODUCED ON 12/10/
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SPECTRIX MONRQEVILLE

SAMPLE # RSLT. LMNE
ANTIMONY
87110448 Antimony., ug/L...... <40. 0
87110449 Antimony, vg/L. ... .. <&0. 0
87110470 Anttmony- ug/L. ... .. $&3. 0
ARSENIC
B8711C448 ATsenic, ug/L. ... ... 11.7
87110449 Arsenic. wugrsL. ... ... <i10.0
87110470 Arsenic, ug/L..... .. <10.0
BERYLL tum
87110448 Berylliuym, ugrsL. .. .. <3. 00
8711044% Berylliym, ug/L. . ... <3. 08
87110470 Beryllium, ugrsL... . . <%. 20
CADMIUM
87110448 Cadmium, ugsi... ... . <3. 00
87110469 Cadmiunm, sg/l. ... ... 3. 10
87110470 Cadmium, ug/L. . ... .. <9
CHROMIUN
871104568 Chromiuvm, wug/L...... <10.0
87110449 Chromium, ug/(...... <10. 0
87110470 Chromium: ugrL. .. ... <10.0
‘PPER
-/110448 Copper, ug/L....... . <2%.0
87110449 Copper. wg/L..... . . <25.0
87110470 Copper. wg/L.... ... . <23. 0
LEAD
87110448 Lead, wg/L.... .. . . . 6. 20
87110449 Lead, wg/L..... . . ... <3. 00
87110479 Lead, ug/L.... . . . .. <3,
MERCURY
87110448 Mercury, ug/. ... ... <0. 200
87110449 Mereury, wugrL..... .. <Q. 300
87110470 Mercury, ugsL. ... ... <0. 200
MICKEL
87110449 Nickel, wg/i....... . <40.0
871104469 Nickel, wgrt........ <40. 0
87110470 Nickel, wgr/L...... . . <40,
SELENIUM
87110448 Seleniva, ugsL. ... .. <3.00
87110449 Seieniva, ug/l. ... .. <3. 00
87110470 Selentuva, gL, ... .. <9,
SILVER
87110468 341y er, ug/t. ..., .. <10.0
87110449 Silver, wgsi..... .. . <1¢.0
87110470 Silver, ugsn,. ... .. . <10.0
THALL TUR
"T110448 Thallium, vg/l...... : ¢10.0
110449 -Thnl!iquAUQIL.{Q... : €10. 0
87110470 Thalliym, ug/l.. ... : <10.

SQURCE

Qk-108%11
Fa8

TH

Qu-$0%1
FB
T8
OW-10%11
FB
B
Oh-—10%1 §
Fa
™
~10u11
F3
T8
Od=-10411
FB
T8
QW-10%11
]
™
Ob~10&11
FB
T2
OW-10%11
FB
™
O-10&11
F3
™
OW=10%11
FE
1 ]

b 15175 § U
F® o
T8

87 AT 13:28 page
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ABLE 2: SUMMARY OF METALS DATA PRODUCED oNn 12/10/87 aT 13: 38

a..ﬂ-U-“.--'-“-----.--‘.-ﬂ----ﬂﬂﬂ-'ﬂﬂ 'l_.‘----'-..--I---I-----'-I.-
SAMPLE # RSLT Lag SQuRce

ZINC

87110448 Zinc, ugsl. L P <20.0 OW-10%11

87110469  Zinc, ygo. .. : <20.¢Q FB

87110470  Zinc, ygs... ] ¢ <20.0 ) TR

PAGE
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TABLE 3: SUMMARY OF PAH DATA
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Page- |

Sample: 87110448 Source: OW-10%%1i

Date Collected: 11/18/87
Date Receoived: 11/719/97

Description: Qasqc SAMPLES

O e e e L e e e e e o ;V:"..;‘,:.::‘..,.::.‘:::::é 1 !‘n . uP "!thod B "ﬁ
Date Extracted: 11/20/87 silica gel clean-up yes __ no
Dats Analyied: 12/04/87 florieil clean=up ___ yas —_No
alumina clean-up yes __ no
sulfur clean-up yes _ ng
r&;
o
o~
==
Pelynuclesr Aromatic Hydrocarbons o
Acenaphthene. ... .. . £140 © 3
Acenaphthylene. ., .. . 1370 )
Anthracene. . . . 1640 5
Senza(alanthracene. . .. 892 3
Benia(a)pyrens. ... . . 329 =
Bonzo(b)#luorlnthnnc.. 318
Bonza(g.h.i)porq!ono.. 240
Benzo(k)fluoranthene. . 170
Chrysene. ... .. . . . 820 .
Dibonz(ahlanthrpconc.. 243
Fluoranthene, .. . . . 4840
Fluorene........ .. . .. 34680
Indonotlaa—cd)pqrono.. 96 9
Phenanthrene. ... . . . . 9700 e
Pyrene. . ...... ... ... . . : 4390
Other Polynuclear Aromatic Campounds tested: -
Carbazole. ... . . . . 770
Naphthalense.... . . . 334600 o
The above results are reparted in ug/l . 4
All PAH identifications are from retention data only. .. "‘“‘“j




SPECTRIX MONRDEVILLE

TABLE 3: SUMMARY OF Pal4 DATA

Samplwe: 87110459 Source: FB

. Description: QA/QGC SAMPLES
Date Collected: (L1/(EB/87

Date Received: 11/19/87 B

Lol o Clean up Method | 7

Date Extracted: 11/20/87 silica gel clean-up / yees __ no

Date Analyred: 12/04/87 florisil clean-up __yes __ no
alumina clean-up —_—es ___M0O
sulfur clean-up —les __ no

(80
[0
o
e~
Paolyriuclear Aromatic Hydrocarbuns o
Acenaphthene....... ... : <2.00 <
Acenaphthylena. .. .. ... : <2.00 . E
Anthracene. .. ... ... .., . <0. 990
Benzola)anthracene. ... : <0.020
Benzol(alpyrene. .. ... .. : <0. 020 :
Benzo(b)fluorenthene. . : <0. 020 E
Benzol(g. h. idperylene.. : <0. 0%0
Benzol(k)fluoranthene. . : <0.020
Chrysens. ... .......... 1 <0. 190
Dibenz{(ahlanthracene. . : <0.030 }
Fluoranthene.......... . <0. 200
Fluorene. . ............ . <€0. 200
Indeno{123=cd)ipyrene.. : <0.0%0
Phenanthrene.......... : <0, 300
Pyrene. ....:.......... 1 <0. 260

w0 -

O%har Polynuclear Avonatic Compounds tasted:
Cavrbaszole. ......... ... L <. 00
Napghthalene. .. ... . .. . T <200

The above results are reported in ug/L .

All PAH tdentitications are from retention data onty. o
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TABLE 3: SUMMARY (OF PAH DATA

Date
Date

Date
Date

~ 007999

Sample: 87110470 Squrce: TB
Description: GA/GC SAMPLES

Collected: 11/18/87
Received: 11/19/87

Extracted: 11/20/87
Analyzed: 12/04/87

Clean up Methad

-.silica gel clean-up / yes

tlorisil clean<yp —_l s
alumina clean~-up —_—les
sulfur clean-=yp _—lrs

Polynuclear Aromatic Hydrocarbons

Acenaphthene. ...... ...
Acenaphthylene. .. .. . .,
Anthracene. ... ... .. ...
Bento{alanthracene. ..

Benzol(alpyrens. . ......
Banzo(bifluaranthene. .
Benzolg.h, i)parylens.

Benzto(lk)fluorenthens. .
Chrysene. .. ... ........
Dibenz(ah)anthracane. .
Fluorant¢hene. . ........
Fluorene..............
Indena(123-cd)pyrene. .
Phenanthrens. .........

. <0. 260

<2. 00
<2. 00
<0. 300
<0. 020
<0. 030
<0. 020
<0. 030
<0. 020
<0.130
<0. 030
<0. 200
<0. 200
<0.0%0
<0. 500

Other Polynucleer Arometic Compounds tested:

Carbatole. .. ..........

The above results are reported in ug/L .

<a. 00
<a. 00

All PAH identifications are from retention data only,

b=}
Q
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APPENDIX 2
MONROEVILLE COMPOSITE SAMPLE OF

WELL OW-.10 AND OW-11
SAMPLED ON DECEMBER 19, 1987
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SPECTRIX MONROEVILLE

TaBLE OF CONTENTS

PRODUCED ON 12/31/87 AT 12:29

SAMPLE @ DESCRIPT DATE-COL DATE-REC QRD #

who vy o v IV SR N SRR dm S Sy W

12/10/87 13/10/87 Ma712071

R S SW Y U = T va W A A R v Py

87120472

MSTC RAW TREATARILITY STyDY
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EPECTRIX MONROEVILLE

076000 0 O O OO 3 L L 0 V0 U 0 9 O 0 O O AR R

TABLE !: SUMMARY OF ANALYTICAL DATA PRODUCED GN 12/31/87 AT 12:30 PaGE

ANEAAMAARRERARANEAZNSENSESBESECMENNESTnEnN"

SAMPLE # RSLT. LNE

0 ke 0o W L WO W P A S S D O Sy D S LS S S W T W N U Y ST VY SR S YT Sl 0 . S v e o S W W S O Sy o W

- I BI0CHEMICAL, OXYGEN DEMAND (3 DAY, TQTAL.)

87120472 BOD, mg/L............... -3 1)
CHEMICAL OXYGEN DEMAND (TOTAL)

07120472 COD (Tatal): mg/l........ T 748
OIL & GREASE, YUTAL RECOVERABLE, GRAVIHETRIC
37120473 011 & Grease, my/L. .. ... 1 LA4
PENTACHLOROPHENGL,

87120472 PCP: ug/L............... ©1.80
TOTAL KJELDAHL NITRDGEN

87120472 TN as N mg/bL. . ... ... .. D310
TOTAL ORQANIC CARBOM

87120472 TOC, mg/bl. .. ... ... ... : 99.8
TOTAL PHOSPHATE

87120472 Tatal POA, mg/L......... D 0.176
pH

87120473 pH, units............... 1 7.4

METHYLENE CHLORIDE EXTRACTABLES

87120472 Methylene Chloride, mg/L : 233

TOTAL RECOVERABLE PHENOLICS (A8 PHENOL)
IB?!ZCM?Q Shenol, mg/L. .. ... .. ..., . 7.8a

ELL L L UL L L LU L e R b bt ] Y T

SOURCE

MSTC RAW
ﬁéTC RAKW
M8TC RAW
METC RAW
MBTC RAW
ME8TC RaW
MEYC RAW
METC RAW
METC RAW
MHETC RAW

ITh- Pentachiorophenol idantification ie from ratention data only.

i
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SAMPLE o

Y W S i

ANT IMONY
87120472
ARSENIC

B712047

BERYLLIUM

87120472
CADMIUM
87120472
CHROMIUM
87120472
COPPER
87120472
LEAD
87120472
MERCURY
87120472
MICKEL
87120472
SELENIUM
87120472
SILVER
87130472
THALL IUM
87120472
ZINC
87120472

SPECTRIX MONROEVILLE
0 90 90 30 2 o 2

RY O# METALS DATA

Berylliym, ug/L. .. ..

Cadmium,

Chromiym,

Coppar, ug/sL. ..., ...

Lead, ug/L

..........

........

Silver, LT 24

Thalilivam,

Zine, ugsy

----------

PRODUCEDL N

SQURCE

N e et e o e O o e o

MSTC RAW

_ MBYC RAW

MBTC RAW
M8TC RaW
MSTC Raw
M8TC RAW
M8TC RAW
METC RAW
MSTC RaAW
M8TC RAW
M8TC Raw
MSTC RAW
MSTC Raw

12/31/97 av 12.

PAGE
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GPECTRIX MONRQEVILLE

Page=~ |

TABLE 2: SUMMARY OF rAM DATA

0T D T R A B T O A

Sample: 87120472 Saurce: MSTC RAW

Description: TREATABILITY STURY wmuwﬂ
Date Collected:. 12710/87

Date Received: 12/10/87 o ) | o B

Clean vp Mathod '
Date Extracted: 12/14/87 silica gel clean-up_/yes __no
Date Analyzed: 12/23/87 florisil clean-up __yes __ no
alunina clean-yp  ___yes __ ngd
sylfur clean-up —— s naD
Q
Q
<
o
Polynuclear Aromatic Hydrocarbons
Acenaphthens. . .. ... ... : h28l
Acenaphthyiene. ... . ... 1 €200
Anthracene. . ... ....... T He4
Benzo(alanthracane. ... : 8%
Benmaonl(alpyrene. ... ... . : J=2
Benza(bh)fluaranthene. . : 461 =
Benzaig. h, i)perylena. . : 249 - !
Senzalk)®luoranthens.. ;. 167 :
Chrysene.............. : 740
Dibenz(al )anthracens.. : 248 ]
Fluorsnthens,......... : 4140 =
Fluovrens....... . 1 2870 .
Indenotlaamcd)pqrono.. : 118 *
Phenanthrene, ... .. e 1 4b90
Pyrene.........

vene. 1 4619

v i gl

gthet Palynuclear Aronaeie Compounde tentsd:
Cavhaiole...... e : 3%

Naphthslena........... : 11400

L
bl | 2diehic

T

ol Sl

The abevs TAsulte ate fopovtad in Ng/L .

ALl PaH .duntift:ations are from retention data only.
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PHYSICAL SEPARATION TEST RESULTS
COMPOSITE SAMPLE OF WELLS QW-10 AND OW-11
SAMPLED AT MONROEVILLE ON DECEMBER 11, 1987
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SPECTRIX MONROEVILLE
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TARLE 1: SUMMARY OF ANALYTICAL DATA

PRODUCED ON 12/31/87 AT 12:22

SAMPLE # RSLT. LNE

METHYLENE CHLBRIDE EXTRACTABLES

87120991 Mathylene Chloride. mgsL : 73.0
OIL & GREASE. TOTAL RECOVERABLE, GRAVIMETRIC
87120551 Oil & Grease: mg/L. ... .. P 19.9 PHYSICAL SEP
TOTAL RECOVERABLE PHENOLICS (A8 PHENQL)

87120951 Phenal: mg/k............ : 7.72 PHYSICAL SEP
TOTAL ORGANIC CARBON

87120391 TOC, mgrsL. ... .. ... .. : &0. 8 PHYSICAL SEF

SQURCE

PHYSICAL SEP

PAGE
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SPECTRIX MONRQEVILLE

TABLE 2. SUMMARY OF pan DATA

TEREEEy --'a--..----‘----.ﬂ--.

Date
Date

Date
Date

The above r!suigg_

Sample: 8712059}
Collected: 127117897
12/14/87

Received:

Estracted: 12719%,87

Analyzed:

544"*“;ﬁhll PAH‘idontifiei

12/23/87

Descript

Source: PHYSICAL SEP

B *P ¥ T 1, WY Methag

silica
florigil clean-yp
aluming clean-up
sulfyr clean-up

Polynuclear Aromatic Hydrocarbong

Acenaphthens. .. . . . .
Aclnaphthulone ........
Anthracene.... . . .
Benzu(a)anehracnno....

Bonzo(a)purono .......

Bcnzo(b)!luorinthonoh
Bonzo(g,h.i)pnrulano,
Benzn(h)#luor-nehnno.

Chrysone.. ... .. =~

Dibonz(ah)anthrnconu..

Fluorlnthono .........
Fluorene....... . . .~

Indonc(lﬁa-:d)purcno..

Phonanthrono .........

414
2467
23. 9
10. 4
3. 04
4 .41
2. 43
1.97
8. 20
1.71
37. ¢
198
0. 934
2468
63. 9

Pyrene...... . .. .

Other Polynuclear Aromatic Compounds tested:
P 94

Cartazole..... . . .
Naphthetene.... . . '

tions are from

are reported in wgsL .

ratention data anly.

Lyes

yeg
—_——les
—_—yes

g%l clean-yp

Page- |

ion; TREATQBILITY STUDY

. no

—Ng

ng

0

g
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SPECTRIX MONRGEVILLE

-augn-zaaaaa-----u-aaantaasaaaaa--ua

TABLE OF CONTENTS

========-'—‘===ﬂﬂ='.'=='==:t=..'llﬂ=8= Lt )

PRODUCED oON 01/0&/88 AT 14:12 PaGe

-=::as.aaa:-aa==a==aa=a-=taaa= ======

_aESs

SAMPLE %  SOURCE DESCRIPT DATE-COL DATE-REC ORD #

-—_——_——q.-s-—u——-.q.—— k. nity S 1, vy vy

87120915 $i. C. JAR TEST RuW TREATABILITY STuDY 12/29/87
87120914 E.C. VAR TEST 1} TREATABILITY STuny 12/29/87
87120917 S.C. VAR TEST 2 TREATABILITYugngY A2/29/87

i o e e ey - 2 ! s ey T e e e o e . e

R e i ket Sy .

12/29/87 MB712184
12/29/87 M8712146 #”ﬁL
12729787 MB7i214¢

008010




OIL & GReEasg,

87120916 Qi
87120917 n} ]
TOTAL ORGANIC

87120914 TQ
87120917
METHYLENE CHL
87120913 Me
87120914 Me
87120917 Me

87120913 Qit

87120915 1Og, Mg,y

TOCJ mgs/L. ...

TABLE 1 SUMMARY QF ANALYTICAL DATA

Shmamn Iﬂanasna b L b 2 3T e IHHSSRISH 'ﬁﬂllalaa

SAMPLE # RSLT. LNg

e i ey i e S e Sy o

TOTAL RECOVERABLE,
% Greass, mg/L. .
1 & Grease, mg /L.,
1 & Graasse, mg /L. . -
CARBON

............

............

ORIDE EXTRACTABLES
thylene 1, mg /L. ..
thylene C1, mg /L. .
thylene ¢}, mg /L. .

PRODUCED on ¢

xu.uas:uaa-ua

'-"-t“—'----.--ﬂ e v

GRAVINETRIC
- I

13. &
23. 1

39, 6

8

g

g

37. 2 S,
: 3]

ja. 8 S

136 S.
34. 0 s.
48. 0 8

t/08/88 ar 09: 00

I.‘IIHE.‘E L B 1 o

Rage

=======

008011

i il e

b
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TABLE OF CONTENTS

==a===wnIhs=auaasalaﬂazlanaamltt'annﬂ:-a

SAMPLE »

T A S e W e b

88020144
88020147
88020148
88020149
88020130
8802015t
880201 %2
88020193
88020194

SQURCE

S e o — . — . —

KEYSTONE ENVIRONMENTAL RESOURCES,

037UV SR Q@ MIN

037wy

Q3/uv
03/7uv
o3ruy
o3/uy
Q3/uv
S PAVLY)
c3/7uv

SR
SR
SR
SR
SR
SR
SR
SR

i MIN
3 MIN
3 MIN
7 MIN
10 MIN
1% MIN
20 MIN
30 MIN

DESCRIPT

oa-——.-——-—.o--n-q.——-——o--

TREATABILITY
TREATABILITY
TREATABILITY
TREATABILITY
TREATABILITY
TREATABILITY
TREATABILITY
TREATABILITY
TREATABILITY

STUDRY
STUDY
STUDY
STUDY
STUDY
5Tupy
STUDY
STUDY
STUDY

DATE-cOL

o i S vy

02/04/88
02/04/88
02/04/88
02/04/88
02/04/68
02/04/89
02/04/88
02/04/88
0=2/04/88

INC.

PRODUCED oQN 0R/22/88 AT

DATE-REC
02/04/88
02/04/89
02/04/98
02/04/88
02/04/88
Q2/04/83
02/04/88
02/04/88
Q2/04/88

-Blﬂ--.ﬂﬂtﬂﬂﬂ

10: 07

QRD #

M8802022
MB8802022
M8802022
MEB02022
M8s0Z022
M8802022
M8802022
MB8802022
MB802022

008013
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TABLE | SUMMARY QF ANALYTICAL DATA
HﬂaﬂﬂHﬂHﬂlEﬂﬂaﬂﬂalnl-aﬂ-Iﬂ-IlﬂiIIISBHIRS
SAMPLE # RELT. LNE

NAPHTHALENE

88020144 Naphthalene, ug/L.
88020147 Naphthalene, ug/L.
8e020148 Naphthalene, ug/L.
88020149 Naphthalene, ug/L.
868020150 Naphthalene, ug/L.
88020151 Naphthalenas, vg/sL. .,
88020132 Naphthalene, ug/L.
88020133 Naphthalene, uwg/L... -
88020134 Naphthalene, ug/l. ..
TOTAL RECOVERABLE PHENOLICS (AS PH
88020146 Phenol, mgsL.... .. .. :
BBG20147 Phenol, mgrsL.... . . . . :
88020148 Phenol, mg/L.... .. . .
88020149 Fhenol, mgst.... .. ..
88020190 Phenol, mgrsL..... ...
88020151 Phenol. mg/L........
88020152 Phenol, mg/L..... ...
380201933 Phanol:, mgrsL........
868020194 Phenol, mg/L........
TOTAL ORGANIC CARBON

580201456 TOC, mgrL......... . .
88020147 TOC, mo/t......... ..
88020148 T0C, mgsL. ... .......
38020149 TOC, mgrsL...........
38020130 TOC, mgri......... ..
88020151 TAC, mg/L...........
IB020152 TOC, mg/L....... . ...
38020133 TAC, mg/l........ ...
88020134 TOC, mgsL. ... ..., ...
pH

8020144 pH. wnits. . .. ... . . ..
48020147 pH: wunits. .. . . ..
geoz0148 PH, unitw. ... .. ..., .
38020149 pH: wunits. . ..., .....
380201 %0 pH, units. ... ... ..,
88020191 PH, unite..... .. ]
[W\WO20192 PH, unitse. ..., ... .. .
38020133 PH: unite, . ... ... . ..
889020194 PH: units........ ...

HEYSTONE ENVIRONMENTAL RESQ

auu-unan-uuuuuaanuamaa:aunauaaau-

URCES, INC

LA E F-TE T

SOQURCE

S A S WS Gk v et v vt o — -

<3. 00
ENOL )
4. 93
. 34
. 99
. &9
. 7464
. Q33
032
. 030
017

O0C00GCw~N&

NG Wwo 0L DACG—=O0WDO

NNNNNNNNN

03/uy
Qaryy
03/uv
03/uv
03/uv
03/uy
Q37U
03/uv
Qa/swy

G370V
03/uv
o3/uv
03/uy
Q3suv
o3/
03/yy
Qasuy
03/7uv

o03/uv
o3/uv
2 PRV
03/uv
037wy
037wy
03/uv
03/uv
03/uy

03suv
03/7uv
03/uv
03/uv
o3suv
03/yv
03/uy
Q3/7uv
03/uv

PRODUCED ON 02/22/88 AT 10: 07

a'.ﬂ!ﬂ‘l'.l..ﬂﬂﬂ’llﬂll.ﬂﬁIUHI

S iy ey < R vy

SR O MIN
SR 1 MIN
SR 3 MIN
SR § MIN
SR 7 MIN
SR 10 MIN
SR 1% MIN
SR 20 MIN
SR 30 HMIN

SR O MIN
SR 1 MIN
SR 3 MIN
SR 3 MIN
SR 7 MIN
SR 10 MIN
SR 13 MIN
SR 20 MIN
SR 30 MIN

SR 0 MIN
SR 1 MIN
SR 3 MIN
SR S MIN
SR 7 MIN
SR 10 MIN
SR 13 MIN
SR 20 MIN
SR 30 MIN

SR 0 MIN
SR 1 MIN
SR 3 MIN
SR 3 MIN
SR 7 MIN
SR 10 MIN
SR 19 MIN
SR 20 MIN
SR 30 MIN

fhe Naphthalene identifications are from rétention daty oniy.
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APPENDIX ¢

04/UY SCREENING RUN W
FIRST ORDER DECAY x RATE CONSTANT (K) CALCULATIONS




. R . : " ¢ ST AP - T - v oo t .
L # o ! S [ B R . R O S T

L e, . * , . X - e 3 . .

(R ; .- .

— R - e e e ¥ v g

LEAST SQUARES REGRESSION FOR: PHENOL 4AaF

I RN

bl

l NUMBEER QF DATA POINTS: 9 .
SLOFE; - Q077
I Y INTERGEPT: 1.152
STANDARD DEVIATION: 1.9608
CORRELATION COEFFICIENT: -, 9091
l COEFF{CIENT OF DEYERMINATLON B8
CORFFICIENT QF DETERMINATION WITH b = o 4822
SLOFE = - OU77 /- 032 AT 95 PERCENT CONF I DENCE
I Y-INTERZEFT = 1,1529 +/-~ + 2749 AT 95 FERCENT CONF IDENCE
I SLOFE WITH &5 = . =, 0085 +/< SO0 STD = 1,:9»:;77”17_7HA .
l INFUT DATA
X VALUE Y VALUE COMPUTED Y VALUE WITH 5% CONF IDENCE INTEgYAL
l » GO0 {2990 1,1829 +/- 1.2345 Normal s
L0000 +/- J0000 B = O ©
w
I 24, 7000 1.4480 9L /- 1.1787 Normal )
“ 1389 +/- 0628 b = O o
I 83. 4000 1.0950 49437 +/- 1.0524 Normal
| ~. 4733 +/- 2170 b = © ,
168, 0000 < SU00 =~ 1427 +/- <9177 Normal N
I =921 +/- 4269 B =
173, 0000 -, 2930 - 1BL3 +/- 9113 Normal
I "19588 +/"' -4:”96 b T (3
285. Q000 =2.9370 “1.04%50 +/- «83483 Narmal
I ~1.5795 +/- 7242 b = O
50%. 0000 ~3.4420 ~2.7417 +/- 1.0819 Normal
I ~2.7968 +/- 1.2832 6 = 0
494, 0000 ~3.5040 ~2,6569 +/- 1.0802 Normal
I “2.7379 +/- 1.2552 b = O
854, 0000 “4,07%0 ~5.4332 +/= 1.9744 Normal
i

|
|
i

008016



M P

R

e
U
" .
. .,
EEES

L

B

P
2 - l

Il

-,

e ey w0 [ -

v

X VALUE Y VALUE
- 000y 4. 1740
24,7000 5.0690
85. 4000 6.1290
168, 0000 5.6%90
173,0000 2.5250
<85. 0000 S.41460
9G5.0000 4.4220
494, 0000 30440
834. 0000 1.0960

008017

it R SN

NQrm-HH;gNQ

NUMBER aF DaTta FGINTS; 3

¥ SLOFE;, =~ 0044

Y INTERCEPT: S.8215%

STANDARD DEVIATION: ‘9847
CORRELAT [ON COEFF ICIENT, -.8129

COEFFICIENT OF DETERMINAT [ ON 5609

COEFFICIENT aF DETERMINATION WITH b = 0O 4, 4865
e SLOFE = - 0088 4ya 9029 AT 95 peRCENT CONF IDENCE
, Y-INTERCEFT < S.8215 +/. 1.1462 AT 95 pERCENT CONF [ DENCE

SLOFE WITH b = g 0064 +/- L0084 §TD = a.2814

INPUT DATR. .

S5.821% ¢/ 1.1443 Normat
«+ 0000 +«/- «0000 b = ¢
S.7084 /- 1.0932 Normal
+ 18758 4/ 2079 b = Q
S.430% +/- 9749 Narmal
«S844 &/ <7189 b w )
5.0822 +/- «8319 Normal
S5.0293 +/- +8440 Normal
1.1033 +/- 1.4563 b = ¢
3.5091 +/- 1.0043 Normal
3.22086 +,= 4.2511 b = ¢
3.S59% 4/ - 9842 Normal
3.150% +/- 4.1585 b = 0
§.91106 +/- 1.8330 Normai

e e R L iy W

208017
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KEYSTONE ENVIRONMENTAL RESOURCES. INC. g

TABLE OF CONTENTS PRODUCED ON 03/29/88 AT 11:01 PAGE
EEAEZA RIS AN IRETTIARXIRTIAXRIITRRE ANARTEARNTTEANTSERTARAEEIAIRREE 2 SS=====
SAMPLE & SOURCE DESCRIPT DATE-COL DATE-REC ORD @
88030072 03 EFFLUENT TREATABIL;T;-;;GDY 5;/03/88 85;5;;;; MB803015
MB880301
88030073 INFLLUENT 2 TREATABILITY STUDY 03/03/88 03/03/88 HBBOBOlg

008019
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KEYSTONE ENVIRONMENTAL RESQURCES, INC.

u--a-.aa-aaataa:a:a.a:a!aaun HERWMNgm

TABLE 1: SuMMARY OF ANALYTICAL DATA

PRODUCED oN 03/39/88 AT 11:Q3
Txnunsss -a-assaanuanaa:aa-aa--.azaaaaaza s-a--n-aaaaa-zuan:=-:=saa===za

SAMPLE #»

B8I0CHEMICAL OXYGEN
88030072
88030073
CHEMICAL OXYGEN DEMAND (T
COD (Total),
CDD (Total ¥,
TOTAL RECOV
0il & Grease,

0il & Grease,

DEMAND (3 DAy

...........

...........

88030072
88030073
OIL & GREASE,
88030072
88030073
TOTAL RECOVERABLE
88030072
88030073
TOTAL KJELDAHL NITR
88030072
88030073

ERABLE,_GRAVIHETRIC
S |

PHENOLICS (AS PHENQL )

TKN as N,
TN as N,
TOTAL ORGANIC CARBON
88030072
88030073
TQTAL FPHOSPHATE
88030072
88030673

Total pPo4,
Total POo4,

88030072
88030073

...........

SQURCE

- ey vt x5

03 EFFLUENT
INFLUENT 2

03 EFFLUENT
INFLUENT 2

03 EFFLUENT
INFLUENT 2

03 EFFLUENT
INFLUENT 2

03 EFFLUENT
INFLUENT 2

03 EFFLUENT
INFLUENT 2

03 EFFLUENT
INFLUENT 2

03 EFFLUENT
INFLUENT 2

008020




. KEYSTONE ENVIRONMENTAL RESQURCES, IncC.

:a-saau:aanaa-::-:aaa:aaa:-=-====a==a==aaaa::=aa=u==

ITABLE <: SUMMARY OF METALS DATA PRODUCED ON 03/29/88 AT 11 03
331828'---I:al--nllzaI..III&IISIIIS:S:IS aaIallaaailaaaqa'g:aag:as==Iaa
I SAMPLE % RSLT. LNE SQURCE
ANTIMIONY
88030072 Antimony, ougsL. ... . <&0. 0 03 EFFLUENT
3803C073 Antimony, ugsL. . .. . D <&0.0 INFLUENT 2
ARSENIC 7 . B T TR TS
88030072 Arsenic, ug/L..... . 1 13. 8 -—Q3 EFFLUENT
88030073  Arsenic, ugsL. ... © 19,3 INFLUENT 2
BERYLLIUM ‘ , ok
- 88030072 Beryllium, ug/L.. .. 1 <5.00 03 EFFLUENT
58030073 Beryllium, ygsL. : <3 00 INFLUENT 2
CHROMIUM
88030072 Chromium, ygsL. ... .. D100 03 EFFLUENT
88030073 Chromium, ugrsL. ... .. : <10.0 INFLUENT 2
I COPPER
88030072 Copper, wugsL..... . . D <a% 0 03 EFFLUENT
28030073 Copper, wg/L.. .. . . D <230 INFLUENT 2
“EAD
88030072 Lead. wugsL...... . ... : <%.00 03 EFFLUENT
88030073 Lead, wgrsL....... . : <3.00 INFLUENT 2
MERCURY
38030072 Mercury, ug/L.... . .. t1.07 03 EFFILUENT
88030073 Mercury., ugsL. .. .. .. <0, 200 INFLUENT 2
NICKEL
38030072 Nickel, ugrL.... .. . ! <40.0 03 EFFLUENT
38030073 Nickel., wgrsL. ... .. . : <40.0 INFLUENT 2
SELENIUM
38030072 Selenium. ugsL. . .. .. : <5.00 03 EFFLUENT
38030073 Selenium: ugrseL.. .. .. - <5.00 INFLUENT 2
SILVER
38030072 Silver., ugrsL...... . :<1Q.0 Q3 EFFLUENT
38030073 Silver, wgsL. .. .. . D <10.0 INFLUENT 2
rHALL UM
38030072 Thallium: wgrsi..... . : <10.0 03 EFFLUENT
38030073 Thallium: ugrsL... ... : <10.0 INFLUENT 2
ZINC
38030072 inc, wg/sL........ . . . B ¥ 03 EFFLUENT
IBSOSOO?G Zinc, wgsL. ... .. .. . T 98. 9 . INFLUENT 2

008021
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TABLE 3. SUMMARY OF PaH DATA

Sample: BBO30072

Date Collected: 03/03/88
Date Received: 03/03/88

Date Extracted: 03/09/88
Date Analyzed: Q3/18/e8

KEYSTONE ENVIRONMENTAL RESQURCES, INnc

Pag

Saurce: 03 EFFLUENT
Description:

Clean up Methog

Silica gel Clean-
florigil clnanﬂup

@luminag Clean-yp
sulfur clean-yp

Polynuclear Aromatic Hydrocarbons

Acenaphthene . . ., 30,8
Aclnaph&hqlonl ........ D <2.00
Anthracene. .. D 4. .48
Bcnzo(a)anthracono.... D &, 93
Benzo(a)puronc ........ D 6.20
Bonzo(blfluoranthono.. S A |
Bonta(g.hai)porqlone.. it 1
Bonxo(i)?luoranthcno.. 4. 27
Chrysene. ... =~~~ 13. 2
Dibenz(ah)anthraclns.. 185 . 4
Fluoranthene. .. . 937. &
Fluorenme... . ~"'" 7. 23
Indano(l?S-cd)pgrnno.. 8. 14
Phananthrene. ' 32.3

S4.8

TREATABILITY STuDY

v L yes

o= 1

"o
no
-\--luno

o

008022 °
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KEYSTONE ENVIRONMENTAL RESUOURCES, INC

TABLE 3: SUMMARY QF PAH DATA

SRS SETINEEARAITET SN N BN BN T XA - .

Sample: 88030073 Saurce:! INFLUENT 2

Description: TREATABILITY STUDY
Datwe Collected: 03/03/88
Date Received: 03/Q3/88

“TClean up Methead
Date Extracted: 03/09/88 Florinil eleamin VP yos

no
Date Analyzed: 03/19/88 florisil clean-up —_yes :::ho
2lumina clean-up —l2% __ no
suifur clean-up —yes ___ no
iy
o
L
Polynuclear Aromatic Hydrocarbens w
o
Acenaphthene. ... ... ... i 36,3 o
Acenaphthylene. . ... .. 1 3.03
Anthracene. . .......... : 12.0
Benzo(a)anthracene. ... : 493 1
Benzo(a)pyrene........ 14, 4
Benzal(b)Pluaranthens. . : 21.3 &
Benzolg. h, ilperylene. . : 14.8 7
Benzoa(k)fluoranthene.. : 8. 10
Chrysene.............. . 43. 9
Dibenzigh)anthracene.. : 24.9 :
Fluoranthene.......... : 101 -
Fluorene.............. : 18. 6 !
Indeno(123-cdlpyrene.. : 11.9 \
Phenanthrene.......... . &4 1 -2
Pyreneg

................ 11l

i it v 0 s ok -

Dther Polynuclear Aromatic Compounds tasted:
Cavbatole. ... .. ... ... . : €2.00
Naphthalene. . . ... ... .. . <a. Q0

The above r#sults are reported in ug/L .

All PAH identifications are from retention dats only.
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MICROTOX (r) DATA SHEET
~AENOL STANDARD 16~25 MG/, 2/7/88, TIME S MIN,
I—“_‘-——-—.—_- s T
FalR # cone, lo/It G-QBS G-E5T
- R 5,680 @sTniEE.o 37355 3TEEs
2 Ii.Z60 8&.0/7 S2,0 0,581 0, 541
A 2,770 85,0/ T4.0 1.257 1.214
I, 45,450 89.0/7 24,0 c.54g &30
“ ANE Ro/Bt= 9y /87
-ANE. RATIO0= 0, 9540
—_ = 19,069 ¢ 17.728 TQ 20.994 ) ST e - s
li <0 = SSIT (0 4.700 TQ 6.d404 ) / -
kL BOG = 45,973 ( S4.2718 10 g80.128 )
|
!:0 99921 SLOFE = ¢,8953 INTERCEFT = +2.7481
' ] 4= e e Y e e e ———l)
L RES. FROE, :
0.159 100 '
I 0,101 40 H P
“ Q. 104 = h
' Q.157 = : e
Qo _.._;..
-1 e —— .
: —— N e At o M
l : ----- - .
; ~——p e .
I .
" 'ﬁl‘: i it - . e APy i aq-————v—-uo-u-n.—-.--a-ua--—
1 < LOGt coMc.) T
‘ICF\'DTDX 1S a Registered Trade Mark of Microbics Carparation.

—— Y — o

—— s s s

=

1AM

O

o

o
_‘.:“5:




MICROTOX (r) DATA SHEET

FLICATE STaNDARD, 7/7/88, 5§ MIN,

IR W CONC. Iaslt G~QEg

) 5. 680 G007 65,0 9V Z13
2 11, T60 45,0/ F3.0 0.7
. I2.730 700/ 44,0 L. 284

S.450 . 73,0/ IZ.0 2.753

~ANE  Ba/Bt= 90 /s @9
-ANE RATIQ= Q,9889 . L. e

-

G-EST

Al
v, B2

v.528

——— PSS

* b e

2.372 S B

IS0 = 19,(%a ( 16.598 TO 22.108 1 ¢.¢1 1 o “. T -

EC 20O = 6. 182 ¢ 4,953 TO 7.719 ) o

C 8O = 59,3764 € 45,112 TQ 78.945 ) o

-

T =0,99825 SLOFE = ¢.8154 INTERCEFRT = +2,9525 0

<

_ )
Lt e L VLS VY

RES, FROGE.

0,241 1636

. O N @R ¥Em
. o+

5
T Ve ot s e,
[
At i s ke e v

e oy s, e

clh " — o s o

i N s
]
t

o . it 2
R L T T e—
. s B s
——ion |
e iy o e

o ) ik

— iy . g,

A

e a3 D S it e S i 0 3 8 o o

1 S LOG¢ LONC,

MICROTOX 18 a Registered Trade Mark of Microbics Carparation,

L e e

.t i

.
[}
1)
1
2 0.148 -8 : o ;
= 0,154 41 ! ke e :
0,229 Q0 H e c
' e d
g 7 e H 0
Q e G
———— -

.

4

e e Am s m= -
-
-

-

. b~}

. )

. 1

) 3 4 ﬂw
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: S ; e K
I MICRUTUX (r) DATa SHEET
l‘B“ ‘"’7“. CuLL. /2788 RUN 3/7/85, TIrE MIH.
ALR # CONG. lo/lt G-QBS
I (o7 S, 080 94,0/ 58,0 .49
- 11, 760 96.0/ 44,0 L. 085S
ad =Z.770 F1l.0/ Z0,0 1.899
a 45, 450 83.0/ 18.0 T.472
LaNE  Bo/Bt= 90 /g4
l_r-wr:: RATIO= ©.9554
I: S0 = 10.844 (9,848 TQ 11.940 )
20 = IUIdT 0 ( 1.840 TQ  2.9645 )
TC 80 = S0,I09 (43,0946 TO S8.497 )
SLOFE = 1.105&  INTERCEFT = +2, -84

l =0, 999237

A

008026

SLOFE = 11,0478

INTERCEFT

MICROTOX (r) DATA SHEET
Jozwo”s, COLL. Z/3/88, RUN 3/7/88, TIME 15 MIN.
MR # CaNC. Ia/lt G-0BS
T s.880 94,07 58.0 0,803
2 11,360 46,0/ 42.0 2640
3 22,730 91.0/ 27.0 2.3773
.4 45.450 88.0/ 16.0 4.439
CoANE  Ba/Bt= 50 /g9
l-am-:; RATIQ= 0,9889
“T S0 = 9,74t ( 8.364 TO 10,477 )
T 20 = 2190 ( 1.697 T 1.82&6 )
M., 80 = 30,010 (. 34,690 TO 46,146 )

2 +2.204e

G-EST
0,822
1,203

- o
-t

o1l

ICRDTQ){ 1% a Registered Trade Mark of Micrabices Corporatian,

0080256
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3uZe072 DYFE, COLL. I/3/88, RUN 3/7/88,
l AIR # CaNC, fo/lt

PR S. 660 94,07 €20

2 Ll 760 69,07 8.0

I 22,770 T80/ 10,0

4 45,450 86,07 18,0

Lank,  Ba/Bt= 81 /s 8o
LANK. RATIQ= ©,9877

g S0 = 11.727 ( “.440 TQ 21.3792
Wwo 20 = T.TTH ( 0.942 TO 12,049
S OHQ = 40,857 ( l&.917 TO 98,702

T o=0,97202 SLOFPE = ¢,8998 INTERCEPT

MICROTOX 1s a Registered Trade Mark of Micrabics Car

RgoIo07s DU, COLL. 2/3/88, RUN 2/7/88, TIME 15 MIN.

ralk # CONG. la/lt

| DT .35 94757 58.0
2 22.730 5&9.0/7 I4.0
3 45,450 28.0/ 8.0
¥ 2,680 Bo,07 15.¢

“LANK.  Ba/Bt= 81 / a7
I ANE RATIO= 11,0741

180 = 8.704 ( 4.16a6 T 1B.187

R0 ® 2,579 S0.574 YO 11.584
s 80 = 29.380 ( 14.125 TQ AL.108

om0, 97024 SLOFE = 00,8775 INTERCEFT

'ECF\'OTDK 1s a Regiraterad Trade Mark af Microbi

f
T
pos
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MICROTOX (r) DATA SHEET

TIME

e v

i

MICRATAX (r} DATA SHEET

+21.4627

G-08§
1.180
4.102
5. 158
0. 655

L )
i

it

T

+2.14628

————

paration.

rporation, o )

003027
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MICROTOX (r)

lj@rja'}tﬁit,l’"'_’. COLL. 2/2/88, RUN SI7/88, TIME

SALR # CONC. Ta/It
l'T“" 0,588 112,07 85,0
o 1.1 9.0/ 62,0
iy 273 1,0/ 44,0
a 3.545 94,0/ I2.0
ALANK  Bo/Bt= 93 ;s g7
'iLQNh RATIO= 0.9355
[_c SO = 2,477 (2,193 TQ o, 794
L 20 = 0,590 ( 0.494 TOQ Q0,702
C 80 = 10,390 (7,879 TO 1%.701
X =0.996899 SLOFE = 1.0344  [NTERCEFT

Bl ANE,

AICRATAOX 15 a Registered Trade Mark

MICRQTOX (r)

COuLL. Z/3/88, RUN 3/7/88, TIME 15 MIN, PREDIL 10X

CONC. lo/1t
0,548 112,07 89.0
1.134 99,04 63.0
2.273 91.0/ 44,0
4.545 94,0/ 31.0

Bo/Bt= 93 /7 94
'_ANK RATIO= j.0108

. S0
89

L .

I =), 99847 SLOFE = [,0300

lCRQ'I‘DX 18 & FRegistared Trade Mark uf Microbics

woufn

2.091 1,829 TQ
0500 0.401 TQ
8.746  C  a.526 10

DATA SHEET

MIN, FREDIL 10X

————

+, FOA

DATA SHEEY

<. 278
0,627

11.721

Jat INTERCEPT

v -

e

1.090
e 45

—

), 7377

- — i

0,47
Q,970
1.795

at Microbics Carporation,

it —

Corporatian.,

008028
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FAIR # CONC. losIt
T eEET e
\ : 11 1:6 87-(:’/ 57.')
: T 2,273 87.0/7 41,0
_ 4 4.454 86.0/ 29,0

SLANK RATIO= 0.95485

C S0
T 20

EC 8o

lEfLHNK Bo/Bt= 92 88

S TA9 ( ~.948 10 2.74z2
0,625 ( 0.509 10 0.7&7
8.989 ¢ 6.327 19 1 377

e g

R =0,99844 SLOPE = 00,9417 INTERCEFT

gg0zoa7s DUE, calL. =/3/88, RUN =/7/88,

e conc, la/1t

I“T“-—_ 0.568 87.07 71.c
N - 1.136 87.9/ $8.0
3 2.273 87.0/ 42,0
(- l 4 4.454 86.0/ 29,

BLANK.  Bo/Bta 97 /93
!'*L.ANK RATIO= {.0217

C S0 = Se140 ( 1.213 10 2.z9¢

- . . = - - - -, s
C20 = oS50 ¢ G.dat 10 . 4657
= 8.3719 { 0.996 Y0 10,438

o l SU.99902  SLOFE = ¢.a79g INTERCEFT

EICHQTOX 15 & Registered Trada Mark

T

g It
o

"008029

e l 98070077 DUE, coLL. </5/88, RUN I/7/g8, Time <

G-GBS

o ———
G, 20
= Ay

0,340
| Y]

1.837

1]

MICROTQX (r) DarTg SHEET

MIN, FREDIL LoX

-—— e

+Q. 84627

ICROTOX 1 4 Registered Trade Mark of Microbics Carparation,

MICRATOX (r) DATA SHEET

TIME 15 MIN, FREDIL 10X
_—'————‘__

G-0BS

————
e oy
(L - nd
N e
0,333

1.116

2,030

T

0.524
1,043
<. 109

= +, TRy

Qf Microbicse Corparation, e

T TERTH NPT

—
5)
N
o
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O~

TOXICITY RATING

= VERY TOX1C

TOXLC

= MILDLY T0X1C
- SLIGHTLY TOXIC

[}

NON TOXIC

HlCHOEQﬁ THTERPRETAT 1 ON SCALES

LCS0

— ey

<10y
103 TO s50%
*SU% 10 75%
>15% 10 100%
>1009

<43
>1% 10 20~
>20% 10 303
>30% 10 402
>40%

008C30







KEYSTONE ENVIRONMENTAL RESOQOURCES,
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l KEYSTONE ENVIRONMENTAL RESOURCES. INC.

EERIATRARAEIERR ARSI TN EASASIISANAATATEAREARRIRALI I N RN

I TABLE 1: SUMMARY OF ANALYTICAL DATA PRODUCED ON 02/18/88 AT 14: 49 PAGE
EESTINEERNEIRNSEESASENESNEEEEANENNARS RS ZREN FZXRENVERELAV AR XMAESEAV NN TR R aRTII= =
SAMPLE & RSLT. LNE SQURCE
NAPHTHALENE ,
86010382 Naphthalene. ug/L... : 2740 Cl 0.0g R
88010983 Naphthalene, ug/L... : 3350 €1 0.003g ¥
88010584 Naphthalene, ug/L... : 784 N o €l 0.019 : T T
868010983 Naphthalene, ugsL... : 32 4 C!l 0. 02%¢ : -
88010984 Naphthalene, uwg/L... : <3.00 . CI 0.099
88010987 Naphthalene, ug/L... : <3.00Q CI G.10g¢
88010388 Naphthalene, uvg/L... : <3.00 C1 0.20¢
88010389 Naphthalens, vug/L... : <3.00 €I 0. 309
88010390 Naphthalene, ug/L... : <3.00 €I 1.0g
88010991 Naphthalene, ug/L... : <€3.00 CI 2. % LA}
88010392 Naphthalene, ugsl... : <3.00 CI 3.0 (8
88010393 Naghthalene, ugsL. .. : <3.00 CI 10.C0g )
88010374 Naphthalesne. ug/L.. <3. 00 CI R0.0¢g o
TAQTAL RECOVERABLE PHENOLICS (AS PHENOL)
86010382 Phenol, mg/L........ : 7. 48 €l 0.0g @
88010983 Phenol. mg/L........ b. 49 CI 0.00%g =
88010384 Phenol: mg/L........ . 4.82 : CI 0.019g
g8010358% Prhenal:, mg/L........ T 4,233 Cl 0.02%¢g
88010384 Phenal: mg/L........ 0 0.937 ¢l 0.0%5¢
88010387 fhenol, mg/sL. .. .. ... Q. 053 Cl 0.10¢9
88010%88 Phenol:, mg/L........ : 0.009 Cl 0. 209
a8010%69 Phenal, mgs/L. .. ..... 1 <0. 003 CI 0. 309
a88010%%0 Phenol, mg/L. ... ... : €0. 003 €1 1.09
88010%91 Phenol, mg/L........ : <0. 009 Cl 2. 34
88010392 Phenol, mg/L. .. ..... ¢ <0.00% €1 8. 0¢
88010393 Phenol, mg/l........ : <0. 009 €I 10.09
88010394 Phencl, mg/L........ 1 <0. Q0% Ci 20.0¢
TOTAL ORGANIC CARBON
880103682 TOC, mg/L........... : 546.0 €I 0.09q
88010383 TOC, mgrsl. . ... ... . 47.0 CI 0.00%g
s 38010584 TOC, mg/h. .. ... ... .1 37,7 ¢l 0.019
88010393 TOC, mo/L. .. ... ..., 1 17.3 Cl 0.0a%;
88010586 TEC, mg/h. ... ... ..., 1 7. 49 €l 0.0%¢
88010987 TOC, amg/b........... 3.98 CI 0.10g
gaqQio%e8 TAC, mg/l........... 4. 00 Cl G. 09
&§8010%89 TOC, mp/t........... 3. 61 Cl 0. 50¢g
3801039Q TAC, mg/Ll........... 4. .23 Cl 1.0g
38010391 TGC, mg/L........... 3.78 CI 2.9
88010392 TOC, mg/b........... 3. 03 CI 3.0g
28010393 TOC, mg/sL........... 2. 96 C! 10.0g
Q.09 Cl 20.0g

l39010394 TOC, mg/b.. ... ......

lrhe Naphehatens (dontitications are #rom retantion date only.

- 008033



TABLE 1:

SAMPLE #

- ————

pH

88010382
88010%83
88010384
88010383

880103846 .-

88010387
88010388
88010389
88010390
880103891
88010392
88010393
88010394

3:338"'““.8.:'...: a::-.n-na-u-u-uﬂa--au

RSL.T. LNE

pHr
le
pH,
pH:
pH,
pH,
pH,
pH,
pH,
pH,
pH.
pH,
pH,

KEYSTAONE ENVIRONMENTAL RESOQURCES,

e

SUMMARY OF ANALYTICAL DATA
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...........

...........

...........

...........

i
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]
i

DOBNNNNNNNNNN
luluommmn-o-ou'o-ou

I

NC

PRODUCED oN 02/16/88 av 14: 49

I'H"'.SI.'H.-I"-.I---G WENAN

SQURCE
CI 0.0g
CI 0.003g
Cl Q. 019
CI 0.023¢
CI 0.03g
Cl 0.10¢q
CI 0.20g
CI 0.30g
Cl 1.0g
CI 2. 3
€l 8.0g
€I 10.09
CI 20.0g

PAGE

---x===

008034




APPENDIX 9
CARBON ADSORPTION ISOTHERM PLOTS




TABLE 9.1

SOUTH CALVALCADE SITE
CARBON ADSORPTION ISOTHERM DATA

008036

NAPHTHALENE
@) Conu.(tgﬂon of Totzl Nn(;zathnlene NaphthngTA)\dsorbed
Weight of Carbon Naphibulene Adsorbed : Per Unit
(zram/108 w! solution) In Solutica (mg/) (mgN) ‘Weight (mg/gram carbon)
€ (contral) 2.740 - -
0.005 2560 . -
0.01 0.784 1.956 19.56
0.025 0.032 2.708 10.83
- 0.05 <0.003 >2.737 >547
10 <0.003 >2.737 >5.47
02 <0.003 >2.737 >5.47
K <0.003 >2.737 >5.47
o <0.003 >2.737 >5.47
2.5 <0.003 >2.757 >5.47
.5 <0.003 >2.737 >5.47
110 <0.003 >2.737 >5.47
120 <0003 >2.737 >547
A
I 008036



TABLE 9-1 (contin ued)

] SOUTH CALVALCADE SITE
CARBON ADSORPTION ISOTHERM DATA

PHENOL
B @ Coucensration of Phenol Phenol Aduorbed
Weighi of Carbon Phencl Adsorbed Per Unit
e (eramy/100 mi salution) in Solution (mgN) (mgf) Weight (mg/gram carbon)
0 (contral) 745 - -
€005 6.45 1.000 20.0
001 6.82 0.630 6.3
0025 ‘ 4.22 3.230 . 129
005 0.937 6513 B
661 0.053 7397 | | 7.39
S 02 0.009 7.441 . 3.72
105 <0.005 >7.445 S >1.49
1 <0.005 >7.445 L >149
25 <0.005 >7.445 b sS4
|5 <0.005 : >7.445 L >149
10 <0.005 >7.445 L >149
o >4

20 <0.005 >7.445

008037
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TABLE 9-1 (continued)

SOUTH CALVALCADE SITE
CARBON ADSORPTION ISOTHERM DATA

TOC
o () (c) (x) (x/m)
= Conceatratica of TOC Adsorbed
Weight of Carboa . TGC Adsorbed ~ Per Unit
{gram/16® ml polution) In Solutios (mg/) (mgfi) Weight (mg/gram carbon)
| 0(control) 56.0 . -
U g00s 470 9.00 180
60 31.7 18.30 183
i 0025 173 38.70 (548
1005 7.49 48.5 97.0
ol 3.95 52.05 52,0
02 4.00 52.00 26.00
SREN X 5.61 50.39 10.0
D1 423 51.77 52
25 378 5222 2.1
s 3.03 52.97 1.0
10 2.96 53.04 0.5
X 9.26

008038
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TABLE 9-1 (continued)

o SOUTH CALYALCADE SITE
CARBON ADSORPTION ISOTHERM DATA

i pll
{m)

. Weight of Carbos pH of

{graw {160 mi solution) Filtrate
| 0(control) 15
fr 0008 7.6
001 : 7.6
0025 7.5
.05 7.6
0.1 7.6
62 76
05 7.8
R 7.8
.25 7.8
.S 8.0
10 : 82
i 20 82

i i 008039 o
‘ k H Lhi t i ; i :wé‘ it Ex. fLL i |
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SOUTH CALVALCAD
CRREON 1SOTHERMS
NAPHTHALENE

1.0k

0.1 E

0.0

]

4 Il!lll} 1 1 llll,!l! L I\ Iljlili | A IIIIIJI )

0.0001

Lol d.1j1r

0.001Q Q.0i00 0.1000 }.0000 10.0000
C

The regression tormula far computing YO 1g
YU = 0,42687
+1.132148 ¢ | (X+4, QOD00) /5, O000O0)
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SUUTH CALVALCADE
CARBON T SOTHERMS
FHENOL 4p8F

A/M

—
<y
<
o8]
o
O

i i i1l L2l Lol il Lot gl VT
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0.0010 0.0100 0.1000 1.0000 10.40000
C

The regression formula for computing YO 1g 3
YO = 0,78604
+0,77859 x ((X+4.00000)/5.00000)

A '
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The regressian farmula fur computing YO 1s 3
YO = =J,30058
+2,.24075 0 ((X=0,00000) /1 .69897)
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LARBON ISOTHERMS
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APPENDIX 9A

CALGON CORPORATION'S
ACT REPORT
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CALGON B

CALGON SARBON CQRPQRATION

CALGON CARBON CORPORATION  £.0. 80X 717 PITTSBURGH. PA 152300717 (412) 7876700  TELEX 671 1837 CCC PGH

PANAFAX: 412-787-671]

187-6756

April 20, 1988 T

Mr. Marcrk Smeck

KEYSTONE ENVIRONMENTAL COMPANY
440 College Park Drive

Montoeville, PA 15146 :g
Dear Mr. Smock: ©
w
Enclosed for your review are two {2) copies of the technical -
services report presenting the results of the Accelerated Column o
Test (ACT) study on samples of pretreated groundwater from your
Cavalcade, Texas site.
Keystone Environmental has not yet determined the flow for the B
groundwater at the site. A 15 minute empty bed contact time (EBCT)
simulates the following flow in Calgon Carbon’s product lines that
are backwashable.
Amount F-300 -
Carhon, Backwash
Vessel 1 1T 4 flow Rate
Model Diam,(ft.) EBCT Flow AdsoeBa#® Reg’'d for 50% exp.
Mobile PAC 4 fe. 15 min. 24 gpm 1,34 2§% gpm
Model 2 4 fe. 15 min. iS5 gpm 2,0008 240 gpm
Model 7k 7.5 ft. 15 ain, 116 gpm 66,5009 840 gpm
Model 10 10 £¢. 15 min. 356 gpm 20,0008 150¢ gpm
The results of the ACT indicate that the phenolics will be the
limiting factor, followed by TOC, and finally the naphthalene. i
Although the naphthalene initial concentration was below the i
treatment objective, significant breakthrough was achieved at 25 |
days of simulated time. o _ )
The following table lists initial concentration treatment :
objectives and carbon usage for each component: r

008046
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Mr., Mark Smock
KEYSTONE ENVIRQNMENTAL COMPANY
April 21, 1986

Page Two
TOC Phenols Naphthalene
1) Anticipated 63 ppm 8 ppm 35 ppm
Initial Conc. : =
2} Actual Initial Conc. 58 ppm 5.3 ppm 0.335 ppm ﬁ:
. S ST -
3) Treatment Objective 30 ppm 0.5 ppm 0.5 ppm :
4) Using ¢ Vessels 2.58/M 2.75%/% gal. 1l#/M gal. (to
in series antici- 50% break-
pated carbon use through)

rate

The following lists each previously mentioned carbon adsorption
system with their carbon usage at the 15 min. EBCT.

008047

At 2.5#/M Gal.

Model Flow Rate Carbon Use Rate Change Qut
1) Mobile PAC 24 gpm 86.48/day 24 days
2) Hcdel 3 35S gpm 1264/day 16 days
3) Model 7.5 116 gpa 4184 /day 24 days
4} HModel 10 356 gpm 12834 /day 16 days

P

In the report, air stripping is mentioned as a possible alterna-
tive. The design of an air stripping system will depend upon

1) each compound’s air stripping factor; 2) economics of an air
stripping system with a liquid phase carbon system for non-
strippable compounds, and 3) if a vapor phase carbon system is
needed for the vapor exhaust stream. Usually in groundwater
cleanups involving phenclic compounds, air stripping is not used
because the compcunds are not air strippable,

Once Keystone Environmental determines the flow rate, fita pricing
can be given for the appropriate adsorption system.

= S R . — — - [ L




' very truly yours,

CALGON CARBON CORPORATION

,,1:7Lz;d ‘§Qi\JZ;Zou~wC L4l b f;

‘ 3 ..' ’ "7, * | \
I Mr. Mark Smock
KEYSTONE ENVIRONMENTAL COMPANY
April 21, 1988
I Page tYhree ;
If you have questions or need further information, please feel free |
I to contact Ron Moskal or myself =

09

l Gary H Gunnerson <t

Applications Engineer o

iI 80
( <
GHG: ah »

ce: R, M. Moskal
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CALGON CARBON CORPORATION

777 Technical Service Report No. 0188-28 s

Accelerated Column Test for Removal of T0C,
Phenolics and Narhthalene from Groundwater
Using F-100 GAC

6008049

Keystone Environumental, Inc. '%
Monrveville, FA

Authoe: 7(2' @4

=="P. A. Relgser 6625

Investigator: P. A, Reiser

Data: April 4, 1988

coPY: KEYWORDS :
D. A+ Bigpcen ACT

V. A. Brunotts ¥F=100 =
S. D. Cifrulek Groundwater i
M, M, Clemens T0C —B
Rs H. Hoskal Phenol "
G. H. Gunnarecn Phenolics :
F. F. Mendicino Naphthalene

&
-
I ' Prepared for:
i
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Technical Service
Po A Railsar

Kaystone Euvironse

study vas requaste
breakthrough of To
three paramstars h

Report Noy 0188-28

ntal, ine, of Honroqvillc,

in Soyth Cavilcade, Texas ¢
taminated wigh tag, ingludyg
d using Calgon Carbon'y F-3g
Cy phanclics and naphthalena,
44 been eet at 39 ng/L,

SUMMARY & CONCLUSIONS

An ACT study wyg conducted for ToC, phennlicy

1. The treatment chiective of 0,
11.5 days operation and the p

groundwar gy,

(Table I and Figure 1),

2. The Creatment objective of 30 mg/L Toc Vas resched

daye of peration and the pPredicted

groundvater,

The carbon achieved gp

(Table I andg Figure 2},

Trea
0.3 ag/L an

5 mg/tL Phenolics wag
redictead treatment of
The carhon achieved ¢ Ussge rate of 3,43 1be/1000 f2llons,

April 4, 19gg

Page

PA submitted 4 Sanple of froundwater
or carbon treatnbiliny otudies. The
ng pheanolfcs and naphchalene, An ACT
0 GAC, including BONILOTing the
taent objective for these
4 0.3 mg/1, respectively,

@nd napthaigne TaROval,

d4chieved after ¢imulation of
0.58 milifon Sallons of

after $lmulatien of 13,0

Creatment of 0.7¢ nillion gallons of
exhaustion rate of 2.62 1bs/1000 gallonas,

3. The nephthalaene concentration of the fileqred
Stated treatment objestive, However, inicial

found afier only 15.9 days of simulated opearat
The early napthalene brenkthrough could be
concentratior, of solvents {n the sample,

(non~halogenccod) vere noted in the samplag

(Figure 4),

REGOHMENDATIONS
HM

To obtain optimum GAC performance {¢ {s recon
tiltered for ¢olids removel prior co trestaent.

lzproved carbop Perfocrmance would be achicved it

prior to treatmunt
volatile hydrocarbo

DISCUSSION

The groundwates Sam
requived vacyum £11
Becouse of the wall
particulacqe Bsiter,
Was extracted with

Approxiuantly 0.2%0

W contamination notad in the
828 chromatographie analysis for faphthaleng

groundvacer weg less than the
brenkthrough of Naphthalene wag

ion,

(Table I gng Figure 1),

attributable ¢y phe high

High levels of volatile hydrocarbons
analyzed fop Réphthaleng

bended that the froundwater he

In addition, {¢ 18 probable thee

the groundvatcep were air-atripped

is based on the high 1eve) of

sanmpley during the couree of tha

(Pigura 4),

Ple a0 recefved Contained 4 significant amount of s0lide and
tration through glass fiber f{leqr Pager prior ¢o testing,
phthalene and other PiA'y for

he suspended ¢olide frag the sample

documented affiniey of ng
& filter paqd containing ¢
Bathanol and quantitively gng
38/L of naphthalene was found in the suspended solids.

lyzed tor haphthalene,

M)
-
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Techn{cal Service Rapart N, 0148-28

P. A, Ralaar

Analysis of the filtered sample composite usad
than expected levalg of TOC and phenolics.
8g/L, below the Crestaent objective of 0.5
The compoaition of the filtared witer

in the study
The naphthalone
2g/L and 100 time

T0¢ 58 wg/L
Phenolics 5.3 mg/t,
Naphthalane 0¢335 mg/L o

An ACT study wag conducted sinulating ¢ 4 f¢,
of F=300 GAC operating
conditions simulated 4 minute concact time.
100% brenk:hrough of TOC was observed. The
in Table I anq Figures 1,2,3, and 4,

dlametar adsor
T&AULLS of the

Because of (he early naphthslene breskthrough, we 4r': unabhle
sufficlient volume of contaminate-free ACT sffluent to the
analveie, Naphthalene breakthrough accurred

and had reached 0,209 ug/L at the Cermination of the study.

Sanples were
T0C was monitored during the
otudy was terminsted when TOC levels of the
concentration, Naphthalens was determinad by
LSC<1 sample concentrator and a flame
determination of Phenolics were
the k-uninoantipyrine sethod.

substitutaed phenols, and thosa
is o carboxyl, h
submitted to the

laboratory by liquid chromatogeaphy with UV detection,
phenol (C, 4,0H) concentrations of the saoples werq low
of substi uged Phenolics noted,

/njt

ionization detector,
subaitted ¢o

This test BeAsures the

It wa

sfample {g listed baloy:

4t 8 surface loading rate of 2.80 gpm/fe
The study wag cantiuued until neae
8tudy have bgep compiled

Customer for PMa
aftear 15,9 fizulated days of treatment

ACT run by énalysis on o Beckman ToC analyzer,

April 4, 19ga
Tage )

showed tlightly lower
content ways only Q,2335
8 lover than eXpectad,

o et
e s e L

ber containing 2000 1ng

(3% gpa). Thase

to provide 4

The

effluents reached 951 of the tafluent
gas chrcmatogrnphy using & Tekmar
Samples for the

an outside lnboracory for analyeis by
total phenl,
pars substicyted phencls {n which che
The esnples which vare
fcreenad 4n oyp

ortho and meta
substitution

§ noted chat the

in comparison to the total
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I TABLE 1
KEYSTONE ENVIRONMENTAL/SOQUTH CAVALCADE, TX
I TSR #0168-28
ACT Effluent Dats Tahle L am
! Simulated Sinulated T0C Naphthalene Phenolics Carbon Use Rate, ,
i Days_ MM Gallons mg/l __ ug/l og/l In Lbs/1000 gallons
0. 24 0.01264 5 161,29
1.67 0.0850 <0, 0 23,3 N
I 2,56 0, 1303 3 15,35 o g
3,46 0.1755% 6 £0.04 11,40 78
435 0.2207 5 9,06 &
5. 24 0.2659 7 0.08 1.52 o0
I 6,13 0.311% 6 6.43
7.02 0.3564 6 ND 0,07 5,61 <
8. 80 0. 4469 8 €0.04 4,48 «©
| 10. 8 3.3373 14 015 3,72
11,47 0, 5826 ND 3,43
12,3 0.6278 16 .90 3.19
I 14,14 0.7182 28 2,78
15.92 0. 8087 33 2 6460 2,47
17,71 0.8992 A 2,22
19, 49 0,9896 47 7.70 2,02
I 21,27 1.0801 33 1.85
23,05 1.170% 50 1.1
24,83 1.2610 50 26 1.99
I 26.61 1.35158 50 .48
33,74 1.7133 $2 38 1,17
42,64 2.1656 82 18 0.92
l 51.5% 2. 6179 5% 122 0.76
59, %6 3.0249 55 209 0.66
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EFFLUENT CONCENTRATIDN.

taguce 2

KEYSTONE ENVIRONMENTAL /3. CAVALCADE. TX.
TSA# oi8s-2g
ACT SIMULATED BREAK THROUGH CURVE
FOR REMOVAL OF TOC FROM GROUNDWATER

80
saI;—n;Em.;NFLUEQI_CQNQENTHATIQN

AT - . P— =

=.6-—.

S - 0 B
. ,,!!4"— : - O
s2— \'5"""5//

50~- Qg
40—

48—

44~ O
@l

a0
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34—
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W e fro,
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S ETE R T ey S e .

l
A T 18 20 23 L1 as < 43 S0 55 89

SIMULATED Davs
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FFLUENT CONCENTRATION,

E

Figure 3

KEYSTONE ENVIRONMENTAL /
TSA# 0188

ACT SIMULATED BREAK

FOR REMOVAL OF NAPHTHALE

5.
-28
THROUGH CuAave
«& FRON GROUNOWATER

CAVALCADE, Tx.

............................................

| INFLUENT CONCENTAATZON
I
309+
200~
t
!
104
i
, d - —on
ot—— 4*‘*’*—*4"“-—?“/1:{*“4—& ) e N
-] 5 10 is 20 a8 30 33 40 48 50
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Figure 4

Chromatogram of Volatile Hydrocarbons in Effluent
Sample at 26 ug/L Naphthalene Breakthrough
Level

s

Peak at R.T. 16.22 Naphthalene
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CALGOM CARBON CORPORATION ’
TECHNICAL SUPPORT REQUEST

CMGINAL TRR YO  /Fn (53  Aodut aip, CUSTOMER ] .
: Kooy oty e Eﬂzm_{
TSR NUMBER ACOAEAS
i 0,37 2¢ /%MW .
OATE
| [~/9-88 !
ORIGINATOR & OEPT,
‘ Foal-
PURCHASE ORDEN COVERING THIS WORAK? CONTAC f ﬁ'
A& SorTpe s B
D NG e FiLLinpROPEA BIC NO. TELEPHOWE ' - . T
_ — 2 29-2000 X134
PRODUCT 3 e =
F- Y * i
E YES op ro.no. i FINAL REFORT DISTAIQUTIG :
N I
[ 1O~ §- 30 2 2¢ COPIES TO ‘Fffgnrgg-‘::;’:%“" !
P.0. AMT. REG. MGR. - F /A Sas | REG MGR. = e
SALESMAN = 2 A7 | SaLESMAN < B ray [
* CHARGE NO APRLL, ENGR, = 5 S APPLI. ENGR. - y \ i
DIR. OF SALES =l | DIR.OF SALES -1, —
*LEAVE BLANK - WILL BE ASSIGNED BY IR OFRAD - 2 o C SALES SERV. DET. - MCW ¢ ?
SALES SERVICE. MKTG. DIRIMGR. = M A7/ DIR.OF A& D - 2 4
MKTC DR /MGR —_ A7 A7

DOES APPLICATION INVOLVE A NEW PRODUCT OR APPLICATION?

[Jres m NO _ CP -

D SELF
D OTHER

M YRS, INDICATE ORIGIN OF CONCEPTY.

G JOINT

D CUSTOMER

TOC - 630, v —
/?4&-4/ Y?)/.—-\ -«Q\/-
s

Cc7 -
S AL

SAFETY FRECAUTIONS:

3 & Our ¢bJ¢¢7€'i1(
0.5-//...a,//

O S !
sSAlen) ELTT il = D 2
15 enty e S TS, f

MARKETING
SALES: PROTECTED § : IvEAR POTENTIAL YEAR
MEQUESTED COMPLETION DATE L5 A5 SAMPLES AVAILABLE? - T
noaiw NC T bor CAURCApE, TEXAS /AT

4

AP Y e S
P> ™3 2 55

ﬂo'f”c{v’ﬁ- -3

¢

!
- (C’D—.S"'};_i‘; .
|

wor

) I |
1

Sa //e ’
é‘:“"’ PRI N ' . AR ‘
T _ RESEARCH — , . By
ACTION TO 38 TAKEN: )
\
\I ESTIMATED CO3T § - LY 3] ESTIMATED GOST S CAL

APPROVALS

MANAGENR

008057
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TSR Nag,

ACCELERATED COLUMN TEST REQUEST

Cuscomer Name k ey géﬂ e B Y 1PN AP Enrrral

Location /%»v.tag gre CE = .

Application Engineer _ (S dwry @Naxg/w;lesperson :"-'-'F///
1.

Process or System Description (PROVIDE AS MUCH DETAIL AS POSSI1BLE-
ATTACH PAGES IF NECESSARY):

1. Application Area: Groundwater Wastewvater Process
2. Descripcion of the Cuscomar Process or Stream:

&AC—T‘ FoZ RV WV W/‘"J“E.,e A’ffaC/c&kch R
O©CltEnT Pogs Aoz  Lavew Fiow Logrm

Y= T

5T he FLAVT iy TieE AL s

TE 2 by A
oo
éZLﬂ/#o )ﬂ?«*f'%?i'n'Avsebm’f Ao - .7.r¢¢auydly‘1/;,» d?¢%faa#- w B
”Qaqfﬂ T e Wéyfﬂﬁﬁﬁ <3
m B
O :
O,’
3. Stream Composition (Detail All Components, Goncencrations, etc.)
'T-C)C - :Z‘V(“ é?//p«q ¢J“‘T-’?()ﬁﬂ/¢-’v
Phen/ S F s A R §
//"?/"%a/be-m’ ER N TR -3 5;'9,‘7-'-) el

pracadures should be srranged™ loe

e
5. Sample Scorage Requirements: Mbieq{g%riggym mr_h“-

. Sample Properties: pH _~—7 7 T0C_ 5 2

4. Doas the Sample Contain Volatiluno 1{ yes, specul sampling

Conductivity =——

Suspended Solids.l, / Fﬂp_y ‘—'Q

Other Known Properues _




s

TSR No. 0/5’5'-_2_:}'"

ACCELERATED COLUMN TEST REQUEST

I1. ACT SIMULATION CONDITIONS :

il
A )
ERETN X T

1. Sample Pre-Treatment Required A

2. Can this ACT be Run to 2 Specific Minimum Carbon Usage Rate or m
Days Simulatad? ac is Acceprable #/1000 Gallons A

or Days Simulated?

3+ What is the Specific Treatment or Monitoring Objecrive(s)

———— ON
2000m - TP RS2 P vpé—w /M 2
LN 122 ey i ,/?“?iéé._r’ @
4. Adsorber Mode Pulmmuallel - Upﬁmﬂou g
—— pa—
Adsorber Size /‘fr‘aﬁ;/ AP\
6. Carbon Type & 2, ¢/ Weighe
7. Flovw Rate - — GPM or — GPM/FT?
8. Empty Bed Contact Time (EBCT) s Minuces g_
9. Temperature 75 -
i0. pH 7/ 2~
11. Special Sampling, Monitoring or Simulation Requirements
[Zlease ';_é_u/E o L i Sard C L
Evp RE 7222 tes o o = Ll L sl |
.o S Py ES VEE> 70 72E Ziders §

| e
N R O I G M A G @ D i o PR EE
n

t

Ruwa 3 & 4
.
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CALGON CARBON CORPORATION
P-0.80X 717 o PITTSBURGH, PA 182300717

~ CALGON REACTIvATED CARBON

—TYPICAL PROPERTES ) ]

TES ROP ¢ O
1837 -
O ¥
IODINE Numagg 750+ o)
O .
ASH, WT, g 9 <
A.D., 6/¢cc 50
MesH Size NOMENCLATURE 8 x 40
ParTicLE S1ze
THRU U.S, #ug MesH, ¢ 5 "
(
PROPERTIES REPRESENT TYPICAL ResuLTs BASED O -

(PR£°QUENCHED) Day FurNAce DiscHaree,

To Perrorm THE Toping NuMBER TesT On REPRESEHTAT!VE

WET CArBoN SampLES, THE SampLes Must Be DRIED Unpeg A
NITROGEN Pyrge, VACUUM OR Oruen CoNDITIONS Mgy ELIMINATE"
OXYGen, |[n AbpiTioN, THE REPRESENTAT IVE SAMPLES Myst Be
PULVERIZED To 95% <325 Mesy 1o AcHlEve THE Reauigep
KIQETQCSTQE_TﬂgxﬂﬁALYTiCAL"TEST. o -
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mmum.a
ocnurmuc

o0

STOCK ' o
125§ NON BACKWASH SYSTEM rliiand o
Lot T myg
L] niaoa
L 1] -t g
= W ma
Sy .
ITTRM ey Y 77y P
PEOEREY. wpr i .«
MODEL 10 NN ome . L
SRS Bumere rey
CRME clam .
RV SRAENTa N (ST FANEREY Bag
- PAILae RO,
Derag | MTaatm gy
L , Fom Papt
-
MOOEL 15 DIMENSIONS
- = .
BASE - 2&'x8
MAX LG -26-8"
MAX WD IH ~ : g' —g: :
WAX HT -19°- f
CLEARANCE T LINE sStock

1254
NON BACKWASH

STOCK DESICN MODEL 10
125§ NON BACKWSH
ADSORPTION SYSTEM

wE_ Aney —

_—— . e,

- 008061

2 ]‘3_"---!-
I 908371657 [ =]
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H

.- 3 ~ PN A .
n . N i M B ; - . .
3 B . . . A P . P

SToCx
' DESaGae
; _feamames
’ STOCK ams (o) 1.5 taa
ASME STaup
75§ BACKWASH SYSTEW vaciase ot
PRESSURE g
o Nssua
AN VY 154" x g~
-2 fa
e
vl Lapae
. MODEE 7.5 eea TR e
%
| 75 aw CARBGON : :: [~ 3 lrﬁﬁﬁ [ )
TAK IR, g Eaci | PEY ! JO— tic peesnme
BN WBGHT (R oF WATER), § EACH o5 #
Vi OrERAMMG wEiGHT, # Aot Axs4s H ‘
wecy, § 17,250 owagwn | ° g DUMETER E L.
FASICUNE €D ooy SO AN LFY gy
T WG (Rl oF waRy g saas0 "m, g ‘m‘-m‘ § ey
y L3
QPERAING wEIOMT, & 7,430 ;S:?'"" gg | A EE K oy pascy
3 3 o —
| Ing =
r ! su'@
g i , 008062
D ¥ custouer Tie oy POINT ABOVE BASE: bODEL 7.5 DIMENSIONS
DIFLLENT ~ s/ aixsew - gs;—s:us'-o'
EFRUENT - f “ Ve MAX WDTH o
am - S/em MAX HY 8-
CLEARAMCE T LiINE -10°-7°
ORan; ~ | v —
- STocK
P 754
, BACKWASH
BOME: SYSTEM 5 X tMnZED ASSEMELY AMD ,
1 ) — .
c“:vmna m% PE~LOADED. bl
= STOCK DESIGN MopEL 7.5
' 75# BACKWASH
; .o “‘“m""“‘,‘f‘m, ADSORPTION SYSTFM '
! e ST ATy = ] el BN v 1

008062




CALGON CARBON CORPORATION
HOBILR-PAC ADSORPTION SERVICR

Lalgon Carbon Corpotation’s Mobile-Pac Adsorption Service is provided to offer users of smal!l-
amounts of granular activated carbon the conveniance of both having an easy-to-use adsorber
and the capability to return the spent carbon for safe disposition,

THE MOBILX-PAC ADSORBER

A

The Adsorber is a non-pressure tank, constructed of type 316 stainless steel and EPR gaskets.
The Adsorber is designed to contain 2,000 lbs. of a selected grade of Calgon Carbon’s
granular activated carbon (GAC).

The Adsorber, veighing 7,500 lbs. i{n operation, can be transported via for 1ift and set on a |
level area for operation., Kamlock hose connections (2%) sre used to connect influen: and M
effluent supply. The untreated vater enters the top of the unit, flovs down through the GaC
collected by a screened outlet and exits the coned section. Sample taps are provided on the
influent end effluent. The system pressure drop is shovn on the curve belov. The proper
flov {s determined by the desired contact time (30 gpm = 15 sinutes contact time). MYy
Mobile-Pac units can be arranged in parallel or series, if desired.

O

The Adsorbers are not to be operated sbove 15 psig, and a rupture disk is {ncluded to assué;
that this pressure is not exceeaed. i
THE ADSORFTION SERVICE : [l

The user of the adsorption service has the convenience of using the Hobile-Pac Adsorber for

eatment, and then using the unit as a shipment container to return the spent carbon to
valgon Carbon.

If the spent GAC has been tested and approved by Calgon Carbon, the Mobile-Pac can be

returned to Calgon Carbon. Upon return, the gpent GAC vill be removed by Calgon Carbon and
thermally regenerated before any further disposition. If additional treatrent is still
required, the gpent Mobile-Pac ¢an be replaced vith a fresh Mobile-Pac, vith the simple hose
connections utilized to svitch units. The spent Mobile-Pac is drained of free vater and .
returned to Calgon Carbon. N

ADDITIONAL INPORMATION

Contac: your Calgen Carbon Technical Ssles Repraesantative for more information on the
Mobile-Pac Adsocption Service.

MOBILE~DAC ADSORBER

;  DOWNFLOW WiTw 20004 F-400 -
i 1:i K : i
§ | i [ :
g * | | :
Sl ) — . :
g . | _ ] I
& $
' | l o .
""" . % 3[ AT . e LEIESS

e ol . , —
5 ! - 1 N

0 10 20 30 AQ 80 60

FLOW = GALLONS /MINUTE
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To)" (kPPROX)

T--1/2
»

Led=120

— e e e

L }-3"

VA RION

CAPACITY:

PRESSURE RATING:

WEIGHTS:

CONNECTIONS:

MATERIALS:

ALL ‘PROCESS CONTACT MATERIALS ARE
316 STAINLESS STEEL WiTH EPR
GASKETS AND SEALS.

OTHER PARTS ARE 104 STAMNLESS STEEL.

CONTAINS 2000 ibs {DRY BASIS)
GRANULAR ACTIVATED CARBON
MAY PROCESS 60 gpm WITH A

& psig PRESSURE OROP.

D0 NOT EXCEED 15 psig.

RUPTURE DISK PROTECTED.

00 NOT EXCEED 200F

00 NOT USE FOR VACUUM SERMICE

EMPTY 1835 ¢

FILLED DRY 3035 §

FIiLLED WET

& DRAINED 5035 §
OPERATING 7400 ¢

MAX RETURN

SHIPPING 5600 §

INLET 27 QUICK CONNECT
VENT 27 QUICK CONNEZT

TREATED WATER 27 QUNICK CONNECT
ANLET SAMPLE 1/2° FNeT
TREATED WATER

SAMPLE 1/Z° FNPT

PLant

) wa
ra u':“:: MITTAACH $a :smm, 9(-88-1667 ?

PREOBILE — PAC ADSORBER
GENERAL ARRANGEMENT

AV |
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APPENDIX 10

SOIL WASHING SCREENING RUN RES
SURE AREA A-04 SOIL SAMPLES LTS
ACE SAMPLE (T0018A) AND SUBSURFACE SAMPLE (T0018B)
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G
o
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Q
<

Lo |
l - R .t

008065



ExFaT=

KEYSTONE ENVIR

HHHESI#:HIRIRG

ONMENTAL RESQURCES,

====a=====

ING.

=laa;=l=aaa===

TABLE 1 gsumMmarY gf ANALYTICAL DATA PRODUCED ON 01/2;,gg AT 16.37 pace
ﬂ'ﬂﬂ======3====3==a==3=3=8=====‘=aﬂH&BHI =========33==3=3==a:'.‘.'8&‘2 ===as
JAMPLE # RSLT LNE SQURce

% MOISTURE

88010117 % Solids @163 ¢... .. : 8l.¢0 TOO18/4 #

88010118 % Solids @103 ¢... . 81l. 4 TO018/4 3

88010119 % Solids @103 ¢c... . B2 % TOD18/4 #a

88010120 % Solids @103 ¢... . 86. 8 TOQ18/A RAW

88010121 % Salids @103 ¢c... ... 80. 8 TO018/8 w1

88010122 % Solids @103 ¢.... . 81.2 TO018/B #2

88010123 % Solids @1o3 ¢ ..., 81.2 TO018/8 #a

8801{0124 % Solidg 2103 ¢ ... : 84.8 TO018/°. RAW

OIL % GREASE, TOTAL RECDVERABLE- GRAVIHETRIC "0
88010117 0i1 & Grease, mg/Kg. ... . 10sg T0018/4 % \C
88010118 i1 g Crease. mg/ug. . 987 TO018/A #3 <
88010119 0i1 & Grease, mg/Kg. . . . 1073 T0018/a #4 3 9]
88010120 Oil & Grease, mg/Kg. .. . 48300 TOO18a/4 RAW )
88010121 Qi1 & Grease, mg/Kg. ... . <30. 0 Too1as\ " o
88010122 O0il & Crease, mg/Kg. . . <30.0 TQ018/8 w2

88010123 0il & Greass, mg/Kg. . . 100 TO019/8 »s

88010124 0il & Greass, mg/Khg. . . 8010 T0Q18/3 RAW

METHYLENE CHLORIDE EXTRACTABLES

88010117 MeC1 Eltrtctablcsn mg/Kg 2690 TOO01874 i

88010118 MaC ) Extractablesg, mg/Kg 2370 TOQ18/7A #3

88010119 MeCl Extractablos. mg/Kg 2270 TOO18/A %4

88010120 MeCl Eltractablos. mg/Kg 70900 TG018/A RAW

88010121 MeCl Extractables, mg/Kg 130 T0019/8 #y

88010122 MeCl E:tractablis. mg/Kg 190 TOO18/8 #2

88010123 MeC1 Extrictlblts. Mg/Ug 210 TQO18/8 #s

88010124 MeC] ExtractlbIOl. mg/Ug 13100 TO018/8 RAW




TABLE OF CONTENTS

EE 2 bt b P EEE SRS EE: - ETE

SAMPLE #

- — T T v v i S S T T — —

88010117
88010118
8801C119
88010120
88010121
88010122
88010123
88010124
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SAURCE

TAD18/A
Too18/A
T3018/A
ToD18/A
TOQ18/8
TO019/8
TOO18/8
TCQo18/8

HEYSTONE ENVIRONMENTAL RESOURCES,

EH=3==‘==‘===.===3=:=33'!83:33:33'!3’3’ TEXEARNETRRAMIT

DESCRIPT

- vy S .y O A iy o o s

TREATABILITY
TREATABILETY
TREATABILITY
TREATABILITY
TREATABILITY
TREATABILITY
TREATABILITY
TREATABILITY

PRODUCED ON 01/21/88 AT 14:39

AR ENES I ISR IR RN AN RN

STUDY
STUDY
STUDY
sSTUDY
sTUDY
STUDY
STUDY
sSTUDY

DATE-COL

cis11/88
ol/11/88
Oi/1t1/88
01/11/88
o1/ii1/88
o1/11/849
Oot/11/88
Oi1711/88

INC.

DATE-REC

—— e - ——

Q1/11/88
o1/11/88
ot/i1/88
Q1/11/88
a1/11/88
o1/11/88
oi/11/88

MB801040Q
Ma801040
MB8801040
MH801040
M8801040
ME8010490
ME801040
M8801040

E===

L=
O
<
(68]
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o
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APPENDIX 11

SOIL WASHING FINAL RUN RESULTS
AREA A-04 SOIL SAMPLES
SURFACE SAMPLE (T0018A) AND SUBSURFACE SAMPLE (T0013B)
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I KEYSTONE ENVIRONMENTAL RESQURCES, [NC.

3====3==ﬂ====a===3===3=-==8=8=="===IHIISBIISI===-=

l‘ABLE 11 SUMMARY OF ANALYTICAL DATA PRODUCED ON 02/23/88 AT 16: 33

PAGE
sz-asastatxa:::s:sn!ﬂazaaaaaazzu===z==a- a===g-lasaaaagga-gaaalallza=x'a= LT 3
lAMPLE #  RSLT LNE SOURCE
¥ MOISTURE ) |
18020187 % Salids @103 ¢.... . . T B&. & TO018/A-RAW~F y
8029168 % Solids @103 C. ..., . . : 83.0Q T0018/A-CL~F B
0IL &% GREASE, TOTAL RECOVERABLE, GRAVIMETRIC ) _
‘8020187  0il & Grease, mg/Kg.. ... . 30000 TO018/A-RAW~F :
':8020188 Cil & Greaswe, mg/Wg. .. .. 1090 To_g;wg____ﬁ@:%g;{-; -
METHYLENE CHLORIDE EXTRACTABLES QR
8020187 MeCl Extractables. mg/Kg : 70100 TO018/A-RAW-F
leozoles MeCl Extractables, mg/Kg : 1810 TO018/A-Cl.~F
o)
Iho above results are on an 4% Teceived basis. g
48]
¥ o
C) -
|
] i
I ~ . = e o e o - ::}E

il
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KEYSTONE ENVIRONMENTAL, RESQURCES,

TABLE 2: SUMMARY OF PAH DATA

=====8===============§=82====3

Sample:

Date Collected:

Date Receiveqd:

Date Extracted:
Date Analyzed:

88020187

02/03/88
OZ/OSIQQT

02/09/88
Q2/17/88

Source:
Description:

INC

TO018/A~RAW-F

Clean up Hothod

silica gel clean-yp
floriej] Clean-yp
aluming clean-yp
sulfur tlean-yp

Polynuclear Aromatic Hydrocarbons

The above

Acenaphthene. .. . . 6700090
Acenaphthylene. . . INTERFERENCE
Anthracene... . . 19400
Bunzo(a)anthrac-nn.... 14200
Bonzn(a)pqrone ........ 12000
Benzo(b)!luaranthono‘. 22900
Benzo(g.h.i)perqlonu.. 18000
Bonza(k)fluoranthonc.. 4780
Chrysene. ... =~ 18300
Dib'nztah)anthracene.. 34500
Fluecranthene... . 49300
Flugrene.. .. .~ ~°° 34700
Indeno¢123~cd)pqrono.. 17000
Phenenthrens. ... . 37700

Pyrene.. ... . . . INTERFERENCE

Other Polynuclear Aromatic Campounds tegteqd:

Carbazole..... .

.......

8400

INTERFERENCE

Fesuits are veported in ug/Kg.

N ﬂlthﬁﬁdidlntiﬂicaiicn; are from retention data anly.

Page- ;

TREATABYLITY STUDY

—es
——yes

no

no
. HOD
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VVDato Ertracted: 02/09/88

KEVSTONE ENVIRQNMENTAL RESQURCES. INC

TABL.E 2: SUMMARY OF PAM DATA

.-.suaa:s-e-.aaa::::a:ﬂla:.s:asaaaﬁi

Sample: 88C20186 Source: TOO18/A-CL-~F

Date Collected: 02/03/88
Date Received: 02/0%/88

silica gol clean-up d{qos

Page- 2

Description: TREATABILITY STUDY

Clean up Methqd

ng

Date Analyzed: 02/185/88 florisil clean-up yes no
alumina clasan-up yes na

sulfur clean-up —Yes _  no

Polynuclear Aromatic Mydrocarbong

Acenaphthene. ... ... . . . : 1006500
Acenaphthylene. . . .. . 148600
Anthracene...... ... .. : 938300
Benzo(a)anthracene. ... 364900
Benzo(a)lpyrene. ... .. . . 8740
Benzo(d)fluoranthene. . 13900
Benza(g, h, {)perylene. . : 2980
Benzo(k)fluoranthene. . 4080
Chrysene. .. ... .. . . 1 42100
Dibent(ahlanthracene. . - 4590
Fluoranthene. .. . . . ... . P 122000
Fluorene.......... .. .. ;68300
Indeno(123-cd)pyrene.. : 4820
Phengnthrene. .. ... .. .. : K19000
Pyrene. . ............. . D 91300

Other Polynuclear Aromatic Compounds tested:
Cerbazole. ... . . .. . . © <1000
Naphthalene. ... .. . . . : 127000

The above results are reported in ug/Kg.

All PAH identifications are

from retention data anly.
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l KEYSTONE ENVIRONMENTAL RESQURCES., INC
EP PR P L P P L PRI PR PR EEE ET R T LT T P T T e gy gy

l'ABLE 1 SUMMARY OF ANALYTICAL DATA PRODUCED ON 02/24/88 AT 14. 91 PAGE
RN TS T RS S SRS EENINNE NSRS SSNSSESR PRl BB P PR T F 5 - Frpeeasy ERSmmES .
AMPLE # RSLT LNE SOURCE

‘. MOISTURE E
18020276 % Salids @1CG3 C..... .. .. : 84 4 ‘ TO018/8B/RAW-F e e

l:aozoz‘n % Solids @103 C.... . ., .. : 78, 4 10018/B /CL~F S
IL & GREASE, TOTAL RECOVERABLE, GRAVIMETRIC l
18020276 Qil & Grease, mg/Kg. . .. : 9976 TO018/B/RAW-F c s e ey
18020277 0il & Grease. mg/Kg. . ... : 93.3 T0018/P/CL-F

HETHYLENE CHLORIDE EXTRACTABLES

88020276 MeCl Extractables, mg/Kg : 7180 T0018/B/RAWN~F

I19020277 MeCl Extractables, mg/Kg : <50.0 TG018/B/CL-F

'he above results are on an as received basis.

008072
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I KEYSTONE ENVIRONMENTAL RESOURCES, INC
Page- |
l TABLE 2° GSUMMARY OF rAH DATA
SR EASE S SIS TS RIS REmEEIIN
l Sample: 88020274 Saurce: TOOL1B/B/RAW-F
Description: TREATABILITY STUDY )
Date Collected: 02/0%/88 -
I Date Regeived: 02/09/88 : e T e o e o e ,’2;"”";“i;:%
-Clean up Method 38
' Date Extracted: 02/10/88 silica gel clean-up_g_équ LT
Date Analyzed: 02/19/88 florisil clean-up __ yes ___ ngo
alumina clean-up —_—es __No
l sulfur clean~yp —_—Yyes ___ ne
|‘-s..
o
' ©
o
. ()
I Polynuclear Aromatic Hydrocarbong
Acenaphthene. . ... ... : 797000
Acenaphthylene. ... .. . ;142000
I Anthracene. . ... ... . ... . 260000
Benzol(a)anthracene. . .. © 212000
Bernzota)pyrene. .. ... . . : &9300
l Benzo(b)¢fivocranthene.. : 93000
Benzal(g.h,i)parylene. . : &7400
Benzol(k)fluoranthene.. : 37100 -
' Chrysene. ... ........... : 206000
Dibent(ah)anthracene. . : 102000
Fluoranthene. .. ... . ... 1 432000
Fluorene. ............. 1 487000
I Indeno(123—-cd)pyrene.. : 38700
Phenanthrene. . . . ... ... : 1470000
l Pyrene. . ............ .. ; B67Q04G
Other Pglyriuclear Aromatic Campounds tested:
Carbazole. ............ . B8040 E
‘ Naphthalene. ... ... .... © 1630000
l The above results are reported in ug/WKg. |
k The above results are on an as received basis. 5
I All PAK {dentitications ars from retentionm data oniy.. e
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KEYSTONE ENVIRONMENTAL RESOQURCES, INC

TABLE 2: SUMMARY QF PAH DATA

RS RET TR L NAES NSNS SRAERR i
Sample  €@8020277 Cource: TOQ18/B/CL-F

Description: TREATABILITY STUDY
Date Coilected: 02/09/68 .

Date Reacerved: 02/09/88

Clean up Method ... .

Date Extracted: 02/10/8a8 silica gel clean-yp U/qog na

Date Analyzed: 02/20/88 florisil clean-up yes no

alumina clean-yp yes ng
sulfur clean-yp yes na

008074

Palynuclear Aromatic Hydraocarbons

l Acenaphthene. .. . ... .., ¢ 1980
Acenaphthylens. ... . .. 213
' Anthracene. .. ......... : 722
Benzo(a)anthracene. ... : 791
Bernizo(a)pyrene.. . . .... T 222
‘ Benzo(b)fluoranthene.. : 3939
Benzo(g:h:ilperylene. . : 247
Benzo(k)fluoranthene.. : 133
Chrysene. . . ... .......,. . 764
' Dibenz(ah)anthraceneo.. : 34t
Fluoranthene....... ... . 2479
Fluogrene. ............. . 1070
I Indeno(123~¢cdipyrene.. : 170
Phenanthrane. . .. ... ... . 3270
' Pyreneg. . .............. T 1980

g L L o i R o o Y ik o sk s

Other Polynuclear Aromatic Compounds tested: :
Carbazole............. : 679 R |
Naphthalene. ... ... .. .. : 1870

The above results are reported in ug/Kg.

" The above results are on an as received basis.

" All PAH identifications are fraom retention dats only.
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SOIL COLUMN INFLUENT GROUNDWATER RESULTS
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KEYSTONE ENVIRONMENTAL RESOURCES, INC.

TABLE OF CONTENTS

AN IR AN LSS NSNS AN RS ENEE

FRODUCED ON 01/28/88 AT 11:92 PAGE

A IR D s 5 A B A A AN L EE 7

SAMPLE 4  SOURCE " DESCRIPT "~ DATE-COL DATE-REC ORD #

e . -

! 88010127  COL. INF TREATABILITY STUDY  01/11/86 01/11/88 MEs01Qé2 |

008QCT77




HKEYSTONE ENVIRONMENTAL RESGUHCES: INC.

TABLE 1. SUMMARY QOF ANALYTICAL DATA PRODUCED onN 01/28/88 AT 1)1: 933
--!.----I-ISS--.---ﬂ-.‘-.--I--ﬂ-ﬂlI--!-. -.----I--.-----..---‘..-ICII-
SAMPLE #  RSLT.LNe : . © SOURCE

EIOCHEMICAL GXYOEN DEMAND (9 DAY: TOTAL)

88010127 BOD:. mg/L...... ... . . . 42,0 COL. INF

CHEMICAL. OXYQEN DEHAND {TOTAL)

88010127 COD (Total), mg/L... - 240 COL. INF

OIL & GREASE, TOTAL RECOVERABLE. GRAVIMETRIC

88010127 0il & Grease, ag/l.. : 20.8 COL. INF

TOTAL. RECOVERABLE PHENDLICS (AS PI-ENOL)

88010427 Phenel, mgrL..... . . . 9.70 COL. INF

TOTAL KJELDAHL NITROGEN

86010127 TKN a9 N/ mg/L. ... .. : 8.80 COL. INF

TOTAL ORGANIC CARBOW

88010127 TO0C, mg/sL...... ... .  36.7 CaL. INF

TOTAL PHOSPHATE

88010127 Total PO4, mg/L. .. .. T 6.9% CoL. INF

pH

88010127 pH: wunits. ... .. . . .. : 7.9 CoL. INF

PAGE
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TABLE 2: SUMMARY OF METALS DpATA

PRODUCES ON 01/28/88 AT 11: 54
a---------n------au-----------nﬂ_!u-n-q-.-

KEYSTONE ENVIRONMENTAL RESOURCES,

.-.--’-----.--ﬂ.-. -.-..-ﬂ.-I'\..--.---.-.

INC.

. t-,a.-a:-‘u.u--.---.-I-lls-'-
. SAMPLE # RSLT. LNE SOURCE
ANTIMONY -
88010137  Antimony, ug/sl. ... .. P <80.0 COL. INF
ARSENIC
88010127  Arsenic, ug/l. ... ... D127 COL. INF
BERYLLIUM
88010127 Beryllium, ug/L. . ... ! <98. 00 COL. INF
CADMIUN
88010127 Cadmium, uwgr/L. ... : <300 COL. INF
CHROMIUM
88010127 Chromiva, ug/sL... ... : <10.0 COL. INF
COPPER
88010127 cCopper, U1 14 S P @3 o COL. INF
LEAD
88010127 Lead. ve/L. ... P <900 COL. INF
MERCURY
88010127 Mercury, wugrsL. ... . .. ¢ <0. 200 COL. INF
NICKEL
98010127 Nickel, ugrt. . : <40, 9 COL. INF
SELENIUM
88010137 Selenium, ug/L. ... .. : <500 CoL. INF
SILVER
88010127 Silver, ugsL..... . .. r <10, ¢ COL. INF
THALL TUM
58010127  Thallium, T 4 S : <10.0 CoL. INF
»ZIMC
880101237 Zine, wg/L........ .. P <20.0 COL. INe

R
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KEYSTONE ENVIRGNMENTAL RESOURCES, INC

TABLE 3: SUMMARY OF PaAN DATA

Date
Bate

Date
Date

Sample: 88010127

Coliected: 01/11/88
Heceivead: oL1/11/88

Estracted:. 01/12/88
Analyzed: 01/14/68

Page-

”Sourco: CoL. INF
Description: TREATABILITY STUDY

Clean up Methad

silica gel cloan—up_giucs
florisil clean~up __ yes
aluaing clean-yp _—les
sulfur clean-yp —_lee

Polynuclear Aromatic Hydrocarbons

Acenaphthene. ... ... ..
Acenaphthylene. . ... ..
Anthracene. .. ... .. . . . .
Bon:a(a)antﬁracon...”
Benito(a)pyrene. ... .. .
Benzo(b)¢luoranthens. .
Benzo(g. h. i)perylene. .
Bonto(i)ﬂluoranthonom
Chryaene..............
Ridenz(ah)anthracene. .
Fluorenthene..........
Fluorene..............
Indene(123-cd)pyrene. .
Phenanthrens........ ..
Pyrene.......... ... ..

332

m%?ﬂmkﬂrrﬂr"gﬂ
u W' o uéy
0823,508025500

Other Polynuclear Aramat

Corbazole.............

- .-Nephthalene....... ., _ . ;

ic Compounds testad:
30

The above results are reported in ug/L .

All PAH identifications are from retention data anly.

—N0 5
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I KEYSTONE ENVIRONMENTAL RESOURCES. INC.
.'I-‘-‘--‘.--:-a.a'ﬂﬁsﬂtlﬂﬂ""a‘.ﬂ"""'ll"ﬂ"‘

TABLE OF CONTENTS PRODUCED ON 03/29/88 AT 11:03 PAGE
==‘=”=.’=':z"l’ﬂﬂaa’:ﬂ.8‘:::’3:33338" =:-ussssa--a:a-u...a:z:s::l=sa Ixz==
' SAMPLE ®  SOURCE DESCRIPT DATE-COL DATE~REC ORD # |

88030074  COL. INF(FINAL) TREATABILITY STUDY  03/03/88 03/03/88 MBE03016

—
@<
Q
€O
o
Q

7

1

ik i s

i

\

L g bt

TR I

itk

woo .
2o nikoblise 3 .
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I REYSTONE ENVIRONMENTAL RESQURCES,

:aaaa:-aaaa=======aa:a===;uaazasaa----ll

TABLE 1: SUMMARY OF ANALYTICAL DATA

SAMPLE # RSLT. LNE

A o . o o e S e T 2 e T e e . 12 -

TOTAL)

BIOCHEMICAL OXYGEN DEMAND (3 DAy,
88030074 80D, mgse... ... :
I:HEH!CAL OXYGEN DEMAND (TOTAL)

38030074 CaD (Total), mg/L. .. .

"OIL & GREASE, TOTAL RECOVERABLE,
88030074 0il & Grease. mg/L. .

<40
178

GRAVIMETRIC

26.3

TOTAL RECOVERABLE PHENOLICS (AS éHENDL)

98030074 Phenol, mg/L....... . :
TOTAL KJELDAHL NITROGEN
38030074 TKN as N, mg/L. . ...
TOTAL ORGANIC CARBON

88030074 TOC, mgrL.... ...
TOTAL PHQSPHATE
279030074 Total PO4, mg/L. . ...
pH

l38030074 PH, units.. . . .

3. 47
7.33
32. 6
é 10
7.8

SOUR

INC

ﬂ::ﬂﬂﬂ-ﬂaﬂ

PRODUCED on 03/29/88 At 11: 04

IS-ﬂaaa.8'!88.88388'.!":‘3:3

- INF(FINAL)
. INF(FINAL)
. INF (FINAL)
. INF(FINAL)
. INF(FINAL)
. INF (FINAL)
. INF(FINAL)

- INF(FINAL)

PAGE

EL & -5 F
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JAMPLE #

IANT IMONY
19030074
IERYLLIUM
38030074
Z“ADMIUM
18030074
CHROMIUM
RB030074
:OPPER
38030074
<EAD
38030074
ERCURY
38030074
NICKEL
38030074
SELENIUM
28030074
SILVER
38030074
FHALL TuM
18030074
CING
38030074

. s o o —

KEYSTONE ENVIRONMENTAL RESQURCES,

SIIaH..."ﬂﬂlEa.I.SHIHIIIIHIRS‘.I-ISH.--‘

"ABLE 2: SUMMARY OF METALS DATA

JIJWWBIE --n--u-a-alaﬂ---aaaaasmza =I=¢:aﬂﬂga

RSLT. LNE
Antimony, vesL. .. ... <40. 0
Beryllium, Y 4 <3. 00
Cadmium. U1 1 <38. 00
Chromium, vg/Ll. ... .. <10.0
Copper, ug/L. .. . <23. 0
Lead. wgsL... . <3.00
Marcury, ug/sL. .. .. <0. 200
Nickel, ugrsL... . <40.0
Selenium, ugs/t. ... <3%. 00
Silver, ug/L.... . <10.¢Q
Thallium, vg/L. ... .. <10.0
Zinc, wug/si. .. . . <20.0

PRODUCED ON 03/3%9/89 ar 11 04

COL.INF(FINAL)

INC.

Page

====¥==

S0QURCE

u—n—-—q--.--n-—.-u-.o-

COL.INF(FINAL)

- INF(F INAL)
- INF (FINAL)
. INF (FINAL )

- INF(FINAL)
- INF(FINAL)
- INF(FINAL)

0080853

- INF(FINAL)
.INF(FINAL)
- INF(FINAL )

- INFAFINAL)




KEYSTONE ENVIRONMENTAL RESOURCES, INC

TABLE 3: SUMMARY OF PAH DATA

’.I.ﬂ.HH'HIRI"..IH'ﬂ'ESHS!!‘

Sample: 88030073

Date Collected: Q3/03rs88
Date Received: 03/03/88

Date Extracted: Q3/09/88
Date Analyzed: Q3/19/a8

Page~ |

Source: COL. INF{FINAL)
Descrintion: TREATABILITY STUDY

Wclgan up Methad

silica gel cloan-up___qos
florisil clean-yp —_—lyes
alumina clean-yp —les
sulfur clean-yp —_——jes

Polynuclear Aromatic Hydrocarbons

Acenaphthene. . . .
Aconaphthuleno ........
Anthracene. ... . . . .
Bunxo(a)anthracono...

Btnzo(a)pqrono ........
Benzo(b)!iuoranthcno..
Eonzo(g.h.i)porglono..
80nzo(t)#luoranthonc“
Chryseme. ... . . . .
Dib.nz(ah)anthraceno.

Fluoranthene...... .. .
Fluorene..... .. . . .
Indtnoilaa—cd)pqrono..
Phenanthrene. . ... . . .
Pyrene. ... . .. . . . . .

N\JOUNHQOOF‘O&@
oo Co

144
87.8
.97
. &0
. 841}
. 32
. &30
. 483
=4
10

G
L TR A
LA

Other Polynuclear Aromatic Compaunds tested:

28. |
739

The above results are raparted in ug/L

All PaH idonti?icationt_gggTffg@rrgggpgggn)dgggignlq

na

no
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APPENDIX 12

SOIL COLUMN EFFLUENT WATER RESULTS
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n

l KEYSTONE ENVIRONMENTAL RESOURCES, INC.

O D TR N amsaaaa:nsa-a;aaauaunauaannnaaﬂil!!l

ITABLE OF CONTENTS PRODUCED ON 02/02/88 AT 08:29 PAGE
ARSI EN RIS ARIAANA IR AT MM R ATIR AN N=g BRITAITSANXAVRAXXIANTVRARNB=SINS  Ss=smoc |
SAMPLE # SOURCE DESCRIPT DATE-COL DATE-REC ORD #

S — T Y i TR S S A o e s -—-u-n-—-—.--—-y-b-—-u---q- W e ol 2 -ty
- -

28010359 AERQ COL 3 EFF TREATABILITY STUDY Ci/21/s88 01/21/88 MB801
88010360 ANAERO COL 2 EF TREATABILITY STUDY 01/21/88 01/21/88 MBSOltgg
88010361 CONT COL 1 EFF TR?ATAB!LITY STUDY Ql/3d1/868 01/21/88 M8801100

— b . -

s‘;“‘f 3 .
ol vl

[ |
§ G

O
48]
<
0
O
L
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l KEYSTONE ENVIRONMENTAL RESOURCES. INC.

TS T D20 T A T 0K 0 R e o e o

Imal_e 1: SUMMARY OF ANALYTICAL DATA PRODUCED ON Q2/02/88 AT 08:30 PAGE
FECISRNEE A N I S ST AN RN N NSESAIINENATES ==a=====:====a-:==zaaaa=a==-=aa TREEm==
SAMPLE # RSLT LNE SOURCE
TOTAL RECOVERABLE PHENOLICS (AS PHENOL) TR il
88010339  Phenol, mg/L....... . ;2 32 . AERO COL 3 EFF
88010340  Phenol, mg/L... .. ... 72,12 ANAERO COL 2 EF |
"88010361 Phencl, mg/L........ .3 %4 CONT COL t EEF
TOTAL CRGANIC CARBON
380103%9 TOC., mg/L........... : 85,2 AERO COL 3 EFF
80103460 TOC, mg/L........... T A ANAERO COL 2 EF
88010361 TOC, mg/L.. . ........ 331 CONT COL 1 EFF
TOTAL PHOSPHATE feu
80103%9 Total PO4. mg/L..... L 1.49 AERO COL 3 EFF O
88010340 Total PJ4, mg/L.. ... : 0. §50 ANAERO COL 2 EF
38010361  Total PO4, mg/L..... © <0. 100 CONT COL 1 EFF <
lgRTHOPHOSPHATE @
80103%9 Phasphate(olasP, mg/L : 1.37 AERD COL 3 EFF ©
38010340 Phosphate(alasP, mg/L : 0. 390 ANAERO cOL 2 EF ©
38010361 PhosphatelolasP,.mg/L : <0O. 100 CONT COL § EFF

008087



HEYSTONE ENVIRONMENTAL RESOQURCES, INC

TABLE 2: SUMMARY OF PAM LATA

SSHHH'.’Bﬂ"‘:’a"ﬁa":"ﬁ:ﬂa
Sample: 88010339

Date Collected: Ol/21/88 -
Date Received: 01/21/889

Date Extracted: 0f/2%/89
Date Anaelyzed: O1/27/88

Page« 1|

Source: AERQ COL 3 EFF

Descriptian: TRE&TABILITY STUDYi,

Clean up Method

silica gel clean-yp yes
florisil clean-yp yos

aluming clean-up yes
sulfur clean-yp ——lyas

Paolynuclear Aromatic Hydrocarbons

Acenaphthenae. ... . . .
Acenaphthylene
Anthracene. .. . . .
Ben:o(a)tnehracenn‘”.
Benzo(alpyrene. ... .. |
Benzo(bh)fluoranthene.

Benzo(g. h, idparylens. .
Bon:e(h)?luoranthanc.

Chrysene. . ... . .
Dibenz(ah)anthracens. .
Fluoranthene. ... . . .
Filuorene........ ... ...
Indenc(123-cd)pyrene. .
Phenanthrane. ... ., . . .

3.1
6. 87
15.8
30
. 97
18
as
=8
42

P BN AR SD LD
PO Ry e TP

T M m  es
[+ B B F AN

- — e ey

Cther Pnlynuciear Aromatic Compounds tasted:

Carbazols

.............

The above results are reported i

<2. 09
3. 13

no
-!--—‘n o

"o

——rge

068080

n ug/l .

All PAH identifications are from retention data only.
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KEYSTONE ENVIRONMENTAL RESOQURCES, INC

TABLE 2: SUMMARY OF PAH DATA

EIEBRET= TEESSEsSISTIaSTTIaTIARNIRND =

Sample: BB8GC103&0 Source: ANAERQ COL 2 EF

Date Collected: 0O1/21/88

T

Date Received: 01/21/88

Extracted: 01/29/88
Analyzed: 01/27/88

Description: TREATABILITY STUDY

Clean up Methcd

silica gel clean-upgﬁiq-s
florisil) clean-yp —_—yes
alumina clean-up —_les
sulfur clean-up —_—lyos

Polynucleoar Aromatic Hydrocarbans

Acenaphthene
Acenaphthylens
Anthracene
Benzota)anthracene. ...
Benzo(alpyrene
Benzo(b)Ffluoranthere.
Benzolg. h, i)perylene.
Benzack)fluoranthens. .
Chrysene
Dibenz(ah)anthracene. .
Fluoranthens

Fluorene
Indeno(123-cqdlpyrens..
Phenanthrene

44. 0
20. 0
3.91
0. (433
0. 114
0. 1688
<0. 050
0. 049
0. 5459
<0. 030
7.2%
22. 1
<0. 030
32.4
&.76

Other Polynuclear Aromatic Compounds tested:

Cardaziole :

The above rosults are reportaed in ug/L .

All PAH identifications are from retention dats anly.

na

-
—

no
no




KEYSTONE ENVIRONMENTAL RESQURCES,

TABLE 2: SUMMARY OF PAH DATA

z-as:=z===aa===a===-a:a=-za=-

Date
Date

Date
Date

008090

INC

Page- 3

‘Sample: B8BO1Q3s&61 Source: CONT COL 1| EFF B
Description: TREATABILITY SiuDYy
Coilected. 01/21/88
Received: 01/21/88
Clean up Method
Extracted: 01/2%/88 tilica gel clean-uyp V/qcs no
Analyzed: 01/27/88 florisil clean-up yes ng C
alumina clean-up yes ne O
sulfur clean-up yes na
149
o
O
Polynuclear Argmatic Hydraocarbons
Acenaphthene. ... .. . _ . . 40. 8
Acenaphthylene...... .. 31. 3
Anthracene. .. ... ... .. 2. 48
Benzo(alanthracens. . .. G. 401
Banzolaloyrene. . ... ... 0.087
Benzo(b)fluoranthens. . Q. 096
Banzol(g,h,i)perylane.. <. 030
Benzo(k)#luorunthenas. . Q. 049
Chrysene. ... ........ .. 0. 319
Dibenz(ah)anthracens. . <0. 030
Fluoranthene.......... 4. 3¢
Fluorene.............. 17. 3
Indena(123-cd)pyrene. . <0. 030
Phenanthrena. . ..... ... 22. &
Pyrene................ 310
Qther Polynuciear Aromatic Compounds tested: K
Carbazole. ... ...... .. 10. 7
Naphthalene......... ., : 743 3 -
The above results are reported in ug/slL .
All FAH ideantifications are ¢rom retention data only.



KEYSTONE ENVIRONMENTAL RESOURCES. INC.

e et E R bt PP T PR P E LA E TR EF G 2

lTABLE OF CONTENTS PRODUCED ON 02/19/88 AT 11:49 PAGE
=SS T e T S R N E O SN E R ETIACSS S o Ie e -+ s - -t L E R T Rt P E LR S=E====
lSAHPLE #  SOURCE DESCRIPT DATE-COL DATE-REC ORD #

88020086 ANAER. COL. 2 EFF TREATABILITY STUDY 02/04/88 02/04/88 M8802013
88020087 AEROC. COL 3 EFF TREATABILITY STUDY 02/04/88 02/04/88 M8802013%
98020088 CONT. COL. 1 EFF TREATABILITY STUDY 02/04/88 02/04/88 ME80201%

i |

l O, STt e T b i e TSl L LRI MOMSSL T N s mem o T DM A e o S Fesif M g o St
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MEYSTONE ENVIRONMENT

T ======8====8====a ERBZUBEEE a..-a-'-ﬂ‘.

l SAMPLE # ASLT. LNE

TR A Sk Sy w475, ——

TABLE 1: SUMMARY OF ANALYTICAL DATA

Bt Rl BT T FUPeT ================== L+ 5

——.—-.-——--—————-_————-.

TOTAL RECUOVERABLE PHENOQLICS (As Phenol)
880200848 Phenol., mg/L. . .. . ;1. 86
89020087 Phenol, mgrt. .. .. . o217
88020088 Phengl, mg/l. . ... .. 0. 439
ORTHO PHOSPHATE :
88020084 Phosphato(o)asP,mg/L i.74
88020087 Phcsphate(u)asP.mq/L 1 0. 910
88020088 Phcsphnte(a)asP.mg/L : <0100
TOTAL ORGANIC CARBON

88020086 TOC, mg/L......... . . J4. 4
8E020087 TOC, mg/L. .. ...... . 47. 2
88020088 TOC, mg/st...... . .. . 13. 3
pH

88020086 PH: wunits. ., ... . . 7.3
88020087 PH. wunits.... .. .. .. &5 9
88020088 pH, wunies. ... 6.8

AL RESOURCES, INC.

PRODUCED oN 02/19/68 AT 11: 39

=33:3!88::32‘-8==8.======'—'383

" ANAER. COL. 2 EFF

AERD. COL. 3 EFF
CONT. COL. 1 EFF

ANAER. COL. 2 EFF
AERO. COL. 3 EFF
CONT.COL. I EFF

ANAER. COL. 2 EFF
AERQ. COL. 3 EFF
CONT. COL. 1 EFF

ANAER. COL. 2 EFF
AERQ. COL. 3 EFF
CONT. cOL. | EFF

008092



SPECTRIX MONROEVILLE

TABLE 2: SUMMARY OF PAH DATA

EESIIEISEITNNSITAEEIRNTIISNTRNER

Date
Date

Date
Date

008093

Sample. 88020086

Collected: 02/04/88
Received: Q2/04/88
Extracted: 02/0%5/88
Analyzed: (02/13/88

Source:
Description: TREATABILITY STUDY

ANAER. COL. 2 EFF

Page-

=

-Clean up Method

silica gel clean-up:/ yes

florisil clean-up
alumina clean-up
sulfur clean-yp

Polynuclear Aromatic Hydrocarbons

Acenaphthene. .. ... ..
Acenaphthylene. . ... ..
Anthracene. . .........
Benzo(alanthracene. .

Bentofalpyrens. . ... ..

Bento(b)fluoranthene. .
Benza(g.h: i)perylene. .
Benito(k)fluoranthens. .

Chrysene. ... ... ......

Dibenz(ah)anthracene. .

Fluoranthene. . . ... ..
Fluorene........ .....

Indeno(123-cd)pyrene. .

Phenanthrenas. ... ... ..

%6.3
INTERFERENCE
. 22
0. 893

Q92

089

»

Qther Polynuclear Aromatic Compounds tested:

Carvbazole. ...........
Naphthalene. . ... . .. ..

The above results are reported in vg/L .

24.8
<2. 00

All PAH {dentifications are from retention data only.

Samples were run by a Liquid Chromatagraphic Technique.

— s
_yes
yes

.
o —
ooy

no
no
ng
no

D0BQCS3

i

i
i
mﬂL{

e

(I ]



SPECTRIX

TABLE 2. SUMMARY OF PAH DATA

==3=ﬂ=ﬁ===*=='a::la:t.::"’ﬂ

Date
Date

Cate
Date

Sample: 88020087

Collecteqd- 02/04/88
Received: 0=2/04s88

Extracted: oR/Q3/88
Analyzed: 02/1%/88

MONROEVILLE

Page- 2

Seurce: AERO. COL. 3 EFF
Description: TREATABILITY STUDY

Clean Up Method

Stlica gel cloan*up,[ yes

florigfl clean-~yup -—Yes
alumina clean~-yp yes
sulfuyr clean-yp yes

Palynuc:.ear Aromatic Hydrocarbonsg

Acenaphthene. .. . .
Acenaphthylene. . .
Anthracene. ... . .
Benzo(a)anthracano...-
Binzo(a)pqranc ........
Bonzo(b)?luoranthone.

Bonzo(g.h.i)perqlnno..
Bonzu(h)!lucranthena..
Chrysene. ... .. .
Dibenx(ah)anthracnno..
Fluaranthene... ... . |
Fluovrene. ... . . . '
Indcnn(liB—cd)pqrona..
Phensnthrene. ... .. .
Pyrene. ... . .

Other Polynyclear Arom

__Ihg.abgvo_rggpits,arg reported i

All PAH'ianntifications are from

Samples were pyn by & Liquid Chr

136
INTERFERENCE
27.3

28. &

7. 39

11. 4

4. 89

4. .10

23. 0

3. 41

92. 1

B2 4

2. 98

144

i v v —— e v vl i e

atic Compounds tested:
: <2.00

<2. 00

N oug/L . e e e

retention data only.

omatographie Technique.

no
-—Na
P

-—na

008094




TABLE 2: SUMMARY COF PaH DATA

SPECTRIX MONROEVILLE

AT SEESSEISISSIIRASE=IRIITRSE

Sample:. 88020088
Date Collected 02/04/88
Date Received. 02/04/88
Date Extracted: 02/0%/68
Date Analyred: 02/15/88

Sayrce:
Description:

CONT.

CaL. 1 EFF

“Clean up Method

Fage- 3

" TREATABILITY STUDY

silica gel clean~up_/ yes
floarisil clean-up

alumina

tlean-up

sulfur clean-up

Polynuclear Aramatic Hydrocarbons

Acenaphthene. .. .. .. ... : K40
Acenaphthylene. .. .. .. : 32.7
Anthracene. .. .. ... ... . 2. 76
Benzoi{alanthracene. ... 0. 437
Bsnzola'pyrans. ... . .. 0. 026
Benzo{(b)fluoranthene. . Q. 043
Benza{(g. h, {lperylene. . <0. 920
Benzol{k)fluoranthens. . <Q. Q20
Chrysene. ............ 0. 301
Dibenz(ahlanthracens. . <0. 030
Fluoranthene. .. ....... 3. 23
Fluorere.............. 18.1
Indeng(123-cd)pyrenes. . <0. 0%0
Phenanthrene. . ..... ... 24. 3
Pyrene................ .93

Other Polynucloar Aromatic Compounds tesated:

Carbazole. . ...
Naphthalens. .

te

are re

The above resul

-

........

%4. 3
723

........

parted in ug/L .

All PaKM identi#icatidns are from retentian dota only.

Samples ware run by & Liquid Chramatagraphic Technique

008095

yes
o yas
yes

"o
ng

na

ety
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l KEYSTONE ENVIRONMENTAL RESOURCES: INC.

FPEEEEE L EI T TR L L PR EEEL T EE R L L LA P Dbt

TABI.E OF CONTENTS PRODUCED ON 03/08/88 AT 14:02 PAGE
l s NN IESE ISR ARTRSIERATI SR TI R AT TII TN EMSEEREE IR EANENE I NI TET TR IR wmm=a=
SAMPLE #  SOURCE DESCRIPT DATE-COL DATE-REC ORD #

88020372  AERO. COL. 3 EFF TREATABILITY STUDY 02/18/88 02/18/88 M@8802103
88020373 CONT. COL. ! EFF TREATABILITY STUDY 02/18/88 02/18/88 M8802103 .
I 88020974  ANAER. COL. 2 EFF TREATABILITY STUDY 02/18/88 02/18/88 M8802103 .

0080956
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I KEYSTONE ENVIRONMENTAL RESQURCES, INC.

SEEEEEAECAENSEISTINRTRIINARATAIAINENNERN REEBRSRAID R NN

TABLE 1: SUMMARY OF ANALYTICAL DATA PRODUCED ON 03/08/88 AT i4:04

EFFERABAII YRRV LIEBAIN AR ALBABTENETTTTIISIE RN

SAMPLE 8 RSLT. LNE

TOTAL RECOVERABLE PHENOLICS (AS PHENUL)
88020572 Phenaol, mg/L. ... ... . : 0. 3%%
88020873 Phenol, mg/L. . ...... . Q. 204
88020574 Phenol, mg/L........ : 1.148
ORTHOPHOSPHATE o
; 88020372 PhosphataiolasP.mg/L : 3. %9
| B 88020973 Phosphate(olasP. mg/L : <«0. 100
88020374 Phosphatelo)asP, mu/L : 4. 98
TOTAL ORGANIC CARBON
88020372 TQC, mg/L........... 41, 4
88020373 TQC, mg/L........... : 10.8
88020974  TOC, mg/L.. ... .. .. : 34.7
pH
a8020372 pH, wunits. . ......... : 7.0
280203973 pH, ynits. ... ... ... T e
88020974 pH, units. ... ........ 7.9

~-008097

SAWERABERRMAKAE IR TR TERARAT N EZRITET T

SOURCE

i . —— g . —

AERQ. COL. 3 EFF
COMT. COL. 1| EFF

ANAER. COL. 2 EFF

AERO. COL. 3 EFF
CONT. COL. L EFF
ANAER. COL. 2 EFF

AERQ. COL. 3 EFF
CONT. COL. t EFF
ANAER. COL. 2 EFF

AERO. COL. 3 EFF
CONT. COL. 1 EFF
ANAER. COL. 2 EFF

o R ——

008097

&)
=
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KEYSTONE ENVIRONMENTAL, RESOURCES, INC

TABLE 2: SUMMARY QF pPAM DATA

Date
Date

Date
Date

Collected:
Received:

Ezxtracted:
Analyzed:

88020372

o=2/18/88
ok/18/88

02/19/88
03/04/88

Acenaphthene. ..
Aconaphehqleno
Anthracene

Bonzo(a)anthraceno‘.“

Benzo(alpyrene

Bonzo(b)?luoranthonc.

Banzo(g.h.i)perq!cno.

Bnn:a(k)?luaranthono“
Chrysene. ... .
Dibonz(ah)anthracanc.

Fluoranthene. . . ..
Fluorene...... . . .
Indono(12a-cd)pqrono
Phenanthrene. . .
Pyrene........ . .

Page- |

Soyrce: AERQ. CUL. 3 EFF
Description; TREATAB;E;TY STUDY

Clean yp Method

Silica gel clean-yp yes
florigil tlean-up -_——rYyes
alumina tlean-up —Yes __ no

sulfur clean-yp —Yes __ ng O-

nag

—_——no

008¢C

Polynuclear Aromatic Hydrocarbonsg

.l k2.9
-0 £2.00
Lo 719
13,7
o 4,12
6,01
3. 91
D 2,22
-l 14.2
. 6. 99

. 49.3
.0 9. 468
.0 2.48
. 1.84
. 392

S i vy ik i i i w0 -

~'The above results are reported in ug/L .
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-Date Collected: Q2/18/88

KEYSTONE ENVIRONMENTAL RESOURCES, INC

TABLE 2. SUMMARY OF PAM DATA

EFRFIEETTIAINITARASERROWRINSIZINENRT

Sample: 88020973 Source: CONT.COL. ! EFF

Date Recelived: 02/18/88

Clean up Methad

Date Extractsd: 02/19/88

Date Analyzed: 03/03/88 florisil clean-up

alumina clean—up
sylfur clean-up

Polynuclear Araomat.. Hydrocarbansg

Acenaphthene. . .. ... ... : 40. %
Acenaphthylene. . ... ... P 28, 2
Anthracenae. ... ........ ;. £.8%
Benzo{(alanthracene. ... : 0. 048
Baniofalpyrens. .... .., ;. €0. 020
Banzatbh)fluoranthene. . : <0Q. 020
Benzo(g.h, i)perylene. . : <0. 080
Benta(k)flyoranthene. . : <0.020Q
Chrysene. . ............ : <0.130
Dibenzi(ahjianthracane.. : <Q. 030
Fluogranthene.......... : 316
Fluorens.............. D193
Indeno{123~-cdlpyrens. . : <0. Q30
Phenanthrene. ... .. .... . 26,0
Pyrene................ : 2,38

—~ il

Other Polynuclear Aromatic Compounds tested:
Cavbazole. .. ... ....... : <&.00
Napghthalene, ... ....... ;. &70

T The above results are reported in ug/l

T Atl PAM identifications are from retention data only.

Page- 2

silica gel clean-up/ yes

yes
——t 28

- Description: TREATABILITY STUDY




KEYSTONE ENVIRG

TABLE 2° SUMMARY OF PAH DATA

SI-‘--.H.I‘.ﬂll.ﬂ.l‘.aﬂa:ﬂ’--

Samplae: 88020974
Date Collecteq: 02/18/88
Date Receivad: C</18/88
Date Extracted: 02/19/38
Date Analyzed: 03/05/898

NMENTAL RESQURCES, INC

Page- 3

Source: ANAER.CGL‘Q EFF . R
Descriptign: TREATABILITY STUDY

Clean Up Methog

tilica gel cloaﬁ-up_{iqns
floriseil] clean-yp —_—\es
2luming Clean-yp —_——les
Sulfyr Clean-yp

o

ng

yes no

O

00810

Polynuclear Aromatic Hydrocarbong

Aconaphthono
Aconaphthulmno
Anthracene

Eonzo(a)anthracuno...;

Bonzo(a)pqrono
Bonzu(b)ﬁluoranthcnc_
Benzo(g.h.i)perqlone,

Ben:u(h)Fluoranthono..
Chrysene. ...

LI

Fluuranthono ..........
Flugrene. .. .~ """
Indnno(lia-cd)pqrono.

Phonanthrono ..........
Pyrene. ... 0

Other Palynuclaar ATomatic
7

Carbazole. .. =~ =
Naphthalene. . . .

70. 4
INTERFERENCE
3. 31

0. 8053

0. 148

0. 247

0. 130 :
0. Q&as -
0. 370
<0. 030 -
9. 36 i
30. 7 '
0. o83

10. 6

Compounds testeq: o«
08

4. 30 -
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, KEYSTONE ENVIRONMENTAL RESOURCES, INC.

N HARBTEABIEAZTZRERADTENEE RDAMME XTI 0TI AR T A 3O

h]

SRR rABLE OF CONTENTS PRODUCED GN 03/23/88 AT 16:33 PAGE
- - . ADRIMBEEZIRNVATIADERRZESEITSAIAITIILT TXNSSATIN BINXIUDTME X BTN RN DT M BT =0T S=mm==z .
lSAt’PLE ® SQURCE DESCRIPT WI?JATE'-CQL DATE-REC ORD # “

L)

/98030073 CONT. COL. 1 EFF TREATABILITY STUDY  03/03/88 03/03/88 MG80301-
38030076 ANAER. COL. 2 EFF TREATABILITY STUDY  03/03/68 03/03/88 M88030)7
38030077 AERO. COL. 3 EFF TREATABILITY STUDY  03/03/88 03/03/88 M8803017

008101

o e e e i S e Pt 1 e At s = b

008101



KEYSTONE ENVIRONMENTAL RESOURCES, INC.

FTRUR DAV NN WIENER G N WD NIRRT TN I O

IlABLg 1: SUMMARY QF ANALYTICAL DATA PRODUCED ON 03/23/88 AT 14 3% PACGE

ZAMFESEEMEESAEAAERMBRALINZTAMBEARNEFINEZRNZETAL = BENMATRRAVE TR T SRS NS NN E
= TEEEN EIE=T=E

AMPLE # RSLYT. LNE SOURGCE

vy - iy A T S - -
A v o o, - g
R = 3 iAo A Aot b

e oy g s O Y —— - - =

rOTAL RECOVERABLE PHENOLICS (AS PHEMOL)

it ey ey i, s s am

18030073 Phenol, mg/L........ Q. 137
8030076 Phenol, mg/L........ . 1.20 ANAER_COL. 2 €rF
98030077 Phenol, mg/L........ : Q. 897 AEROD. COL 1 EFF
RTHOPHOSPHATE AS P T
8030073 Phosphatel(olasP, mg/L . <0. 100 CONT. COL.. 1 EFF o
38030076 FPhosphate(c)asP, mg/L : 4.39 ANAER. COL. 2 EFF <
Igaoaoo77 Phosphate(olasP, mg/L : 3. 96 AERC. COL. 3 EFF -
(TAL ORGANIC CARBON : ©
8030073 TOC. mg/L.. ... ...... . 10,2 CONT.
18030076  TOC, mg/L........... . 32,7 ANAER. COL. 2 EFF o
1'9030077 TOC, mg/L. .. .. ... ... . 23.7 AERO. COL. 3 EFF
H
98030073 pH, wunits. . ..... ... . . 7.2 CONT.
8030076  pH, units.. ........ . 7.4 ANAER. COL. 2 EFF
8030077 PH: Uniti ........... : 7.1 AERO coL 3 EFF




KEYSTONE ENVIRONMENTAL RESOQURCES, INC

TABLE 2: SUMMARY OF PAH DATA

AWBRAWME IR ﬂ-zaanna.----.---anz

Date
Date

Date
Date

Sample: 88030073

Collected: 03/03/08
Received: 43703788

Extractaed: 03/09/88
Analyzed: 03/19/88

Pag

.. .. .Source: CONT.COL.1 eFF _—
Description: TREATABILITY sTupy

Clean up Methad

silica gel CICOH‘UPJZLUOS
florigil clean-yp T X
2lumina clean-up —
sSulfur clean-up —_——yts

Paolynuclgear Aromatic Hydraocarbang

Bonzo(b)'!uoranthnno..
Bcnzo(g.h;i)parulunn..
Bun:a(i)!luoranthano“
Chryseme. . ..... . . . . .
ﬁibenz(ah)anthracono..
Fluoranthene...... . ..
Fluorene. ....... .. .. ..
Indeno(lﬂa-cd)pgrono..
Phenanthrene. . .., .
Pyvene....... .. . .. . .

37.0
60. 3
i. 64
0. ocae
<0. 020
<0. 020
<0. 030
<0. 020
<0. 150
<0. 030
1.97
17.0
<0. 030
19.0
1.47

Qther Polynuclear Arcmati

Carbazole...... . . . .

t Compounds tested:
4

Ll |

—T0
no
no

—n0

008103

The ahove results are reparted in ug/L

All PAH identifications ére from retention data enly.



KEYSTONE ENVIRONMENTAL RESOURCES, INC

TABLE 2: SUMMARY QF paM DATA

Sample:

88030074

Date Collactaed: 03/03788

Date Recaived:

03/03/88

Date Extracted: Q3/709/88

Date Analyzed:

The abo

03/19/88

Page- 2

Saurce: ANAER. COL. 2 EFF
Description: TREATABILITY STUDY

Clean up HMethod

tilica gel claln-upJ[igcs o
flarisil clean-up —_—Ves __ no
alumina clean-up —lYes __ no
sulfur clean-up —_—YE ____ no

Polynuclear Aromatic Hydrocarbans

Acenaphthene. ... .. . .
Acenaphthylene.. ... .
Anthracene........ . . .
Benzo(alanthracene. .

Bonzo(a!pureno .......
Bonzo(b)?luorantbono..
Bonza(g;h,l)pcrqlono..
Benzo(k)?luoranthene. .
Chrysene. .. ... . .
Dibon:(.h)anthrlcono..

Fluoranthena.

........

Fluorene...... ... . .
Indonoiiza-cd)pqrano“
Phenantkrene. .. ... . ..
Pyrene. . ......... ... .

A | T 4
. . B8,2%
. . 2.38
. Q.770
. Q.078
;0. 063
<Q. 0%¢
1 0.048
. Q. 690
. <0. 030
- N - -
.o 12.8
: €0. 050
. 1 <0, %0
. 389

Other Polynuclear Ar

omatic Compounds tested:
Carbazole. .. ... . ... .

.1 €& 09
. <&, 00

Ju——|

008104

L T

¥e results arq raported in ug/L .

All PAM 1dant19$c-ﬁ16ns 4re from retention data only.




KEYSTONE ENVIRONMENTAL RESQURCES, 1NC

TABLE 2: SUMMARY OF PAH DATA

Sample: 9503997“ .

Source: AERGC. COL. 3 EFF

Date Extracted:
Date Analyzed:

Date Collected: 03s0ar88
Date Received:

03/03/88

03/09/88
03/19/88

Clean up Msthad

silica gel ¢lean-y
florigil Clean-yp
alumina clean-yp
Sulfur clean-yp

Polynuclear Aromatic Hydrocarbonsg

Acenaphthene. .. . . 18, 9%
Acenaphthylene. ... : <2.00
Anthracene. ... . . . . . 4. 54
Bonzo(a)anthrlconi.... S. 93
Benzo(e)pyrene. . ... 7.90
Bcaxo(b)#luoranthonc.. 12. &
Banzo(g.h,i)pcrqlena.. 11. 4
Bonzo(t)!luoranthcnt.. 4.790
Chrysene. ... . . . 7. 34
Dlhont(ah)anthfactﬂe.. 14,1
Fluoranthene. ... .. . a5
Fluorene........ ... . . 2 27
Indeno(123-cd)pyrene. . 8. 72
Phenanthrense. ... .. . 3. 80
Pyrene....... .. . . 87.3

ther Polynuclaar Aromatic Compaunds testud:

Carbazole.. ... . . .

! <2.00
: £€2.00

Pagae- 3

Dezcription: TREAT@grgxrvngxugy

/
Pl yes —.No

——l9% ___no
—lYes ___ no

008105

D

The above results are reported in ugst. .

All PAM identificetions are from retention data enly.
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APPENDIX 12
FINAL SOIL COLUMN SOIL RESULTS




fr _17:l¢£ ;A L} i t:’ ;} !
I KEYSTONE ENVIRONMEMTAL RESOURCES, ING.
TRITAIVRATTAANEBTOLEXIANSRARAAIRNDARAVANSCS AN AN ARBN IR
I TABLE QF CONTENTS PRGDUCED ON 03/30/88 AT 09:00 PAGE
EARNIFTTUTXIIIXBAIAINAIAZZANAIATIFEEIAAZTAN TURARXZARLBXVTAFAAUSRAURIRALS  s2amzs:
I SAMPLE # SOQURC DESCRIPT DATE-COL DATE-REC CRD #
88030076 AERO. SOIL TREATABILITY STUDY  03/03/88 03/03/88 MBB03016
' 88030079 ANAER. SOIL TREATABILITY STUDY 03/03/88 03/03/88 MBBOJ0O1E
i BBO30080 CONTROL SOIL TREATABILITY STUDY  03/0Q3/688 03/03/88 MBS03018 N
[~
(W)
hu
o8]
<
(I

008107



HEYSTONE ENVIRONMENTAL RESOURCES., INnG.

l"lln'lI‘"Il'.II.IIIIIIIHIIH.HIHI..I‘“.'..

LY E T T
ITABI.E 1: SUMMARY OF ANALYTICAL DATA PRODUCED ON 03/30/68 AT 09: 04 PAGE
-n--aﬂﬂlaaaa-anauua-a-a-u:aaaaﬁnnua!-nua au:-::aaaﬁllanuaallanlllnaaaa EEZangn
ISAHPLE “ RELT. LNE ' SOURCE
. MOLISTURE
38030078 %Z Solids @103 C...... . . . 791 AERO. SOIL
88030079 X Solids @103 C...... . .. L 77.4 -~-ANAER. SOIL e
‘86030080 %* Solids @103 ¢ .... . . 78.7 —— -—-CONTROL SOQIL .
METHYLENE CHLCRIDE EXTRACTABLES -
Iaeoaoo:'a MeCl Extractables, mg/Kg : 943 - AERO. S0IL ’ o
-B88030079 MeCl Extractables, mg/Kg : 1940 AMAER. SQIL K
88030080 MeCl Extractables, mg/Kg : 2940 CONTROL SOIL B
TOTAL ORGANIC CARBON i
88030078 rvOC.. ... ;0,49 AERQ. SOIL,
38030079 nT0C. ... 1,13 ANAER. SQIL 09
33030080 XTOC........... 1.10 CONTROL. SQIL O
JIL & GREASE., TOTAL RECQVERABLE. GRAVIMETRIC -
38030078 Oil & Grease, mg/Kg..... i 7250 AERQD. SOIL. hre)
38030079 O0il & Grease. mg/Rg. . ... © 8390 ANAER. SQIL
38030080 0il & Grease, mg/Kg... . . . 8830 CONTROL SOIL ©
TOTAL RECOVERABLE PHENOLICS (AS PHENGL) <
238030078 Phenol, mg/Kg...... ... . . © 2. 480 AERQ. SO1L |
'838030079 Phenotl, mg/Khg. ..., 92 ANAER. SQIL -
8030080 Phenol, mg/Kg...... ... .. ©1.42 CONTROL SQIL
TQTAL PHOSPHOROUS aAS P
- §38030078 Phosphorous, mg/Kg. .. . .. &2 0 AERQ. SOIL
8030079 Phaosphorous, mg/Kg. ... .. 1 77.0 ANAER. SQIL
386030080 Phosphorous, mgs/Kkg. .. . T <3%0.0 CONTROL SOIL .
M 3
';9030079 Soil pH., units....... . .. . 7.34 AERO. SOIL ;
38030079 Seil pH, units. .. .. .. .. . i 8.19 ANAER. SO7L
38030080 Soil pM, units..... .. . . 7. 49 CONTROL SOIL
tOTM_ KJELDAHL NITROGEN
8030078 TEN as N: mg/Kg..... .. .. ;198 AERO. SO1IL
38030079 TKN as N, mg/Kg....... . P 229 ANAER. SOIL
I:eoaooeo TKN as N, mg/Kg...... . .. L 219 CONTROL. SOQiL.

The above results are on an as received basis.

I TYRTRY

ik Lo

008108



l TAODLE Q. SUMMARY OF METALS DATA

PRODUCED ON 03/30/88

I JAMPLE #
ANTIFONY
1803C 278
38030079
88030080

ARSENIC

B 33020078

- 98030079

78030080
JERYLLIUM
88030078
38030079
318030080
CADMIUM
38030078
18030079
18030080
SHROMIUM
18030078
18030079

38030080
‘OPPER

' 18030078

JB030079

18030080

EAD

18030078

18030079
18030080

.|sncunv

98030078

18030679
8030080

WICKEL

a 8030078

B 5030079
9030080

ELENTUM
‘8030078
8030079
~8030080
ILVER
8030078

8030079

» 8030080
HALLIUN

® 8030078
8030079

leoaooao

KEYSTONE ENVIRONMENTAL RESOURCES. [N

RSLT. LNE

e - -----‘w--q-—--ﬁm—--nn—nn---l---q-l--u--lh--

Artimany, Ug/Kg. . ...
Antimany, Vg/Kg. . .
Ant;mgnQr ugiig. . . .,

Arsenic, Vg/Kg. . ..
ATrsenic, Ug/Kg. .., . ‘
Arsenic, Ug/Kg. . .,

Baryllium, ug/Kg. . ..
Beryllium, ug/Hg. ..
Berylilium, Vg/Kg. . ..

Cadmiuym, Vg/iKg. .. ..,
Cadmium, Ug/#g. .. ..
Cadmium, Ug/Kg. ...

Chromium, ug/Kkg. .. ..
Chromium, Ug/Kg. .. ..
Chamiym, Ug/Khg ..

Copper, Ug/Khg. ... ...
Copper, ug/Kg. ..
Copper, Ug/Kg. . ...

Lead. ugrkg. .. . .
Lead: wgsmg... ...
Lead, ug/Kg. . ..

Mercury, ug/xg. ... ..
Mercury, Vg/Kg. .. ...
Mercury, ug/Kg. . ..,

Nicksi, Ug/Ke. . ... ..
Nickel, Ug/iKkg. . ..., .
Nickel, ug/Ke. . ... .,

Seleniym, Ug/#Kg. . ...
Selenium, Ug/Kg. . ...
Selenium, Ug/Kg. ., ..

Silver, ug/kae. . ... ..
Silver, ug/hg. ...,
Silver, ug/Kg. .. ...

. Th_allium‘ Ugl'v\g -.-__ i
Thallium: ug/Kg .....
fhallium, UQ/KQ ....

“he above resylts a4ve on a dry weight basis.

SQURCE

W A vy S W Y o it ooy e ey

AERD. SOIL
ANAER. SQ1IL

- CONTROL SOIL

AERQ. SOIL
ANAER. sOTIL
CONTROL. SOIL

AERQ. SOIL
ANAER. SOIL
CONTROL so1L

AERC. SO1L
ANAER. SOIL
CONTROL g01IL

AERD. so1L.
ANAER. gQ1L, -
CONTROL sOIL

AERQ. SOIL
ANAER. SOIL
CONTROL s01L

AERQ. SO1IL
ANAER. SO1L
CONTROL sOIL

AERO. sOIL
ANAER. SOT1L,
CONTROL sO1IL,

AERQ. SOIL
ANAER. S01IL
CONTROL soiL

AERO. SuIL
ANAER. SOTL
CONTRAL SOIL

AERO. SO1IL
ANAER. 301U

CONTROL SOIL,
AERO. 8011,

ANAER. SOIL
CONTROL SOIL

AT Q9: 07

R awE

PaGeE

LY A FF

0081069
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I FABLE 2: SUMMARY OF METALS DATA

FANFIRCABPAIEADRNANADASIAATNAARINAITINER AN N TN

HKEYSTONE ENVIRONMENTAL RESJURGES, INC.

LA LI LALLLL LD LD LR VEEELT IR PR ET 283 T FE R IoE T Tys

PRODUCED ON 03/30/88 AT 09:07 PAGE

TWARB== Y

|3AHPI.E ®  RSLT.LNE SOURGE d
ZTING : -
Iaaoaoova Zinc, ug/Kg. ... ... .. . 27100 AERD. SOIL. E
anQ30079 Zinc, ug/Kg......... ¢ 122000 ~ ANAER. S0QIL

- 88030080 Zirc,

ugrhg. © 37700 ~ CONTROL SOIL R

W The adbove results are on & dry weight basis,

008110

Rt I

oo s

T

b
5 i

gkt s

s‘.ngiﬁ%’_‘%

-
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KEYSTONE ENVIRONMENTAL RESQURGES, INC.

li.IIi‘I.IIIHHH.ﬂlIBH-I.'ﬂlﬂ‘ﬂﬂiﬂﬂl.!ﬂll‘llllﬂI-.IHI

l TABLE 3: SUMMARY OF METALS DATA PRODUCED QN 03/30/88 AT 09:07 PAGE
TDAANBAOERARRARABRBINABDY AL AR BT R MDA AT S 70 RS 7000 20 55 50 70 0 50 0 0 0 0 0 26 55 3% anmzaz: N
I SAMPLE ®  RSLT LNE SOURCE r
TCLP LEACHATE
ARSENIC =
88030078 Arsenic, mgsL. . ... .. ¢ <0. 900 --—ABRD. SOIL e
88030079 Arsenic, mg/l. ... . .. : <Q. 900 ANAER, SOIL : : —
88030080  Arsenic, mg/L. . .. .. <0, %00 CONTROL S0IL N
" COPPER S i 2
98030078  Copper, mg/L. . . ..... : <0, 029 AERQ. SOTL *
g8030079  Copper, mg/l........ . <0. 029 ANAER. SOIL E -
88030080 Copper, mg/L..... ... 1 <0. 023 CONTROL. $OIL '
CHROMIUM
38030078 Chromium, mg/L...... : €0.019 AERD. SOIL s
88030079 Chromium, mg/L...... : <0.0¢10 ANAER. SQIL R
88030080 Chromiym, mg/L. . .. .. : £0.010 CONTRQL SOIL —
Q
-]
<o

T B . ..
Lt b i 1 et i
: 4 P o

=



l'ABLE 4: SUMMARY QF METALS DATA

KEYSTONE ENVIRONMENTAL RESOURCES. INC.

n-I-HIﬂlﬂllﬂuﬂ!.ﬂﬂ.l.HHIIBHHHI.I'-!I-.‘I

Vﬂﬂ-ﬂl’---ﬂ“ﬂﬂlul‘.l.ﬂ..l.'..l"ﬂ!I-N‘Il

l IAMPLE «

RSLT. LNE

I PTOX LEACHATE

N RSENIC
18030078
18030079
| 38030080
RARIUM
18030078
)8030079
RE030080
:ADMIUM
lxaoaoom
,8030079
18030080
HRAOMIUM
8030078
18030079
8030080
OPPER
48030078
8030079
8030080
8030078
8030079
8030080
MERCURY
8030078
8030079
48030080
ELENIUM
8030078
8030079

8030078
"8030079
IBOSOOBO

Arsenic, mg/L,
Arsenic, mg/L,
Arsenic, mg/L.

Barium, mg/L. .
Barium, mg-/L., .
Barium, mg/L. .

Cadmium, mg/L.
Cadmium: mg/L.
Cadmium, mg/L.

GChromium: mg/L
Chromium, mg /L,
Chromiuam: mg/L

Copper., mg/L..
Copper, mg/L..
Copper, mg/L..

Lead, mg/L. ...
Lead, mg/L. ...
Lead, mg/L. ...

Mercury, mg/L.
Marcury, mg/L.
Mercury, mg/L.

Selenium: mg/L
Selenium, mg/t.
Selenium, mg/i,

Silver, mg/L. .
Silver, mgsL. .
Silver, mg/L. .

et 0. %00
...... <0, %00
oo <0, %00

© €0, 200
...... . €0, R00
...... ¢ 40, 200

......

...... €0, 009
...... ¢ <0. 009
...... <0, 008

...... : <€0.010
...... D €0.010
...... <0010

...... 20, 02
...... . €0, 0R9
...... o <0. 02%

...... 0. 100
...... R0 100
...... D€, 100

...... ¢ £0. 0002
...... i <0. 0002
...... ¢ <0, QO0R

...... T <o. %00
e e . 4<0. %00
...... €0, 9300

...... <0, 010
...... P <0, 010
...... €0, 010

PRODUCED ON 03/30/88 ar 09 Q7

anuz-unn:ulannaw-atlﬂmunaaan-

SQURLE

.- N vy oy

TTTAERQ. SOIL

ANAEFR:. SQTL

. __CONTROL saIL

AERQ. SO1L
ANAER. 301U
CONTROL sQIL

AERQ. SOT
ANAER. SO
CONTRO. soIL

AEROD. 5011,
ANAER soIL
CONYROL SOIL

AERD. s01L
ANAER. 5011,
CONTRQI. sOIL,

AERC. SOTIL
ANAER. SO1L
CONTROL sOIL,

AEROD. SOIL
ANAER, SOIL
CONTROL sOIL

AERQ. S01L
ANAER. 501(
CONTROL sOIL

AERQ. S01L
ANAER. SQTIL
CONTROL, SOIL

'H.lﬂﬂhll.

bk LT T O,

PAGE '

Hunﬂsng%

112

508




LT

I KEYSTONE ENVIRONMENTAL RESQURGES, ING
. l Page- 1
TABLE S- SUMMARY OF PAH DATA 1
.
Sample: 88030078 Source: AERQO. SOIL )
o Description: TREATABILITY STUDY '
o I Date Collected 03/03/86
Date Received: 03/03/88
' Clean up Method _
'.( Date Extracted: 03/08/88 silica gel clean-up /qu na
Date Analyzed: 03/17/98 florisil clean-up yas no
S I alumina clean-up yes no
R sulfur clesan-up yes no
g 7‘: ,.‘_.7_:' I My
. AVV '.- ‘—. :
. .-. - -— R
, ' Poiynuclear Aramatic Hydrocarbons g !
S Acenaphthenae. . ... ... .. : 379000 (% I
_ B I Acenaphthylens. . ... ... : Ba&o0 :
LTINS Anthracense. . . .. .. ... .. : 177600 .
i Benzo(alanthracene.... - 111000 -
l Benzo(a)pyrene. . ... .. : 34200
Benzo(b)fluoranthene.. : 91200
| e Benzo(g, h, ilperylene. . : 43%09
et Benzo(k)fluoranthene. . : 19000
L Chrysene. . ............ : 106000
LR Ditenz(ahlanthracene. . @ 61000 B
Flugranthens. . .. ... ... : 392000
I Flugrene. .. ........... ;. 234000
S Indeano(123-¢cd)pyrene. . : 30300
Phenanthrens. ... . ... .. 1 683000
l Pyrene. . .............. ;317000
o Other Polynuclear Aromatic Compounds tested:
! Carbazole. ... ... . .... 1 16400
Nephthalene. . . ... ... .. : 729000
i The above results are reported in ug/Kg. "
" § - The ebove resuits ave on an as received basts. o
= . All PAH identifications are from retention data only.

~ - . BN .l .- . .- .
- . - - ; .- . .
- P LI : ‘ N . - .

008113



KEYSTONE ENYIRONMENTAL RESQURCES,

TABLE 35: SUMMARY OF PAH DATA

IR T e I oS ERN AT SRR ASANS SRR

Date
Date

Date
Date

008114

Caollected
Received:

Extracted:
Analyzed:

88030079

03/03/88
03/03/88

Qa/08/88
Q3s17/88

Acenaphthene. . .. ... ..
Acenaphthylene. . .. .
Anthracena. .. .........
Benzo(a)anthracene. . ..
Denzolalpyrene. . .. ... .
Banro(b)fluoranthene. .
Benzo(g. h: ilperylene. .
Benza(k)flugranthens.

Chrysene. ... ... .......
Dibenz(ah)anthracene.

Flyoranthene. . .. .... ..
Fluorena. .............
Indeno(123-cdloyrene. .
Phenanthrene. . . .. ... ..

Source:
Description:

Clean up Method

Polynuclear Aromatic Hydrocerbons

438000
7300
30200
44300
20000
30700
20100
10809
41400
33400
161000
108000
13100
233000
139000

Othsr Polynuclear Aromatic Compounds tested:
Cavrbazole. ............
Naphthalene. ... ... .. ..

63000
114000

The above results are reported in ug/wg.

‘The above retults are on an as received basis.

All PAH identifications are from retention data only.

ANAER. SOIL
TREATABILITY STUDY

//;es na

silica gel clean-up
florisil clean-up
dlumina clean-up
sulfur clean-up

008114



KEYSTONE ENVIRONMENTAL RESOQURCES. INc

TABLE s SUMMARY OF paM DATA

::sa:aznazu:a

Pate
Date

Date
Date

Collectag.
Raceived

Extractey.
Analyzed.

a2t ¢ £ TRRWEWRE Ny

88030080

33/03/s8
03/03/89

03/08/88
03/17/88

Acenaphthene
Ac.naphthqlene
Anthracene. ..

Elnlo(a)pqronn

Chrysane. ... .

Dibcnz(ah)anthraccnu”

Fluoranthene. .. ..
Fluorene. ... . '

Indano(laa-cd}pqrone.

Paenanthrene. ... . .
Pyrene. ... .

Page- 3

Saurce: CONTROL SQIL

Description: TREATABILITY STUDY

Palynuclear Aromatic Hydrocarbons

Bcnzo(b)fluoranthono.
Eenzo(g.h.i)parqlonen
B!n:o(k)ﬁluoranth'no“

—--]

Clian up Methgd R

silica gel cloan—up_ufaus
florigi}] clean-yp —lrs
aluming clean-yp —_—les
sulfur clean-yp a——es

na
no

-—N0 N

00811

49300
<1000 - 4
17%0 )
4300 N
1670

2880

1320

8%0

3840 -
1930

3330

4220

1240

9170

93460




KEYSTONE ENVIRO

TABLE 6: symmaRry OF PaH DATA

.—.==c=8I===x===a=-=-:.a=gaaaa=a

Sample: 88030078

Date Collecteq. 03/03s88

_Date Receiveq: 03/03/88

Date Extracteq: 03711788
Date Analyzeq: C3/17/88

TCLP EXTRACT

NMENTAL RESQURCES, N
Pag

Source: AERO. sor
Description: TREATABILITY STuny

Clean yp Method

Silica gel clean-up V/Les
florigil clean-up yes
aluminga clean-up yes

Sul fyr clean-~yp yes

Polynuclear Aromatic Hydrocarinons

Acenaphthaere. .. . .
Acenaphthylens. . . ..
Anthracene... . . .
Btnzo(a)anthrac.no....
Bcnzo(;)pqrcno ........
Blnzo(biéluuranthono.

Bonzo(g.h.i)porgleno..
Bonzo(k)fluoranthonc..

.......

.......

Indcno(lza-cd)pqrone..
Phenanthrane. . .. . .
Pyrene. ... . .. 7

47%
197
235. 9
3. 00
0. 369
0. 934
0. 391
0. 333
2. 24
0. 439
32 4
219
0. 262
233
£3. 4

. - VY s

All PAM 1d|nt1¢1cations are from retention data anly.

- |
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KEYSTONE ENVIRONMENTAL RESOURCES, INC

TABLLEE &: SUMMARY OF PAM DATA

TWTA WD IR AMED FZYRAXZAXAINIJETZN
Sample: 88030079

Date Callected: 03/03/88
Date Received: 03/03/88

Date Extracted: 03/11/88
Date Analyred: 03/17/88

TCLP EXTRACH

Page- 2

Source: ANAER. SGIL
Description: TREATABILITY STUDY

Clean up Method . _
silica gel clean-up J/;es
florisil clean-up ___yes
alumina clean-up yes
sulfur clean-up 11

Polynuclear Aromatic Hydrocarbans

Acenaphthene. . . . ... ...
Acenaphthylene
Anthracene. .. _ ... . ..
Bento(a)anthracens. . .
Benio(alpyrene. .. ... ..
Bento(b)fluaranthene. .
Benzaig, h, i)perylene.

Benzo(k)fluoranthane. .
Chrysene. . .. ... ... .. .
Ditenz(ah)anthracens. .
Fluoranthens
Flyorene.............,
Indeno{123~cd)pyrene.

Phenanthrense

..........

..........

................

399
339
2%. 5
2. .39
0. 294
C. 478
0. 272
0.172
1.78
0. 293
28.0
244
0.177
248
19. 9

-

Other Poalynuclear Arvamatic Compaunds tested:

Carbaiole

The above rasults are reported in ug/L .

. 109
T %990

" All PAH identifications are from retention data anly.

008117

008117
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KEYSTONE ENVIRONMENTAL RESOURCES. INC

TABLE &: SUMMARY OF PAH DATA

ERSEITULOESUNETTISIWUETTRISRARTE

Sample: 88030080 Source: CONTROL SOIL

Descripgtion: TREATABILITY STUDY
Date Collected: 03/03/68

Date Received: 03/03/88 v

Clean up Method e

Dats Extracted: 03/11/88 silica gel clean-up_/ yee __.na
Date Analyied: 03/17/88 flarisil clean-up __ yes no
alumina clean-up _—Yes __ ng
sulfur clean-up -yes __no
199
—
TCLP EXTRACT —
0
Polynuclear Aromatic Mydrocarbons o
Acenaphthene. ... ... . .. . 739 ©
Acenaphthylens. ... ... : 439
Anthracene. . . ... ... ... : 29.8
Benzo(alanthracene. ... : 2. 03
i 0.163
Benio(b)fluoranthene.. : 0. 143
Benzo(g.h,idperylene.. : 0. 174
Benzc{k)fluoranthene.. ;. Q. 099 5
Chrysene. ......... .. ., T 1, 466 4
Dibenz(ah)anthracene.. : Q. 122 -
Fluoranthene. . . ... . ... : 33. 4
Fluorene.............. X999
Indeno(123-¢d)pyrene.. : 0.113
Phenanthrene. . ... .... ;. 30&
Pyrene. . . ............. : 23.0 E

Other Polynuclear Aromatic Compounds tested:
Carbazele. ... ... ... ... 193

Naphthalene. ... . . .. .. . : 7240

The abave results are reported in ug/L .

ALl PAH {dentifications sre from retention data enly.

|
|
l Banzo(alpyrane. . .. . ...

7008118
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APPENDIX 13
SLURRY REACTOR RESULTS
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APPENDIX 13
SECTION 1
INITIAL SOIL AND GROUNDWATER RESULTS
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l KEYGTONE ENVIRGNMENTAL RESQURCES, INnc.
BIIHHHIIISI‘ﬁﬂﬂa‘.aﬂlatalﬂ=====..ﬂsIlﬂ-‘ﬂl‘-.-“ﬁ"

l TABLE OF CONTENTS PRODUCED ON 02/01/88 At 13:34 pagg
===a-==-=ﬂIuaa==-n:anauaa:zaa:an:taa--aaa =l===a======8===a==a8-aa:a-aan- RI==my=.
SAMPLE #®  SguRce DESCRIPT DATE-COL DATE-REC ORp &

lseozoxa'l SR sqQIL TREATABILITY STUDY  01,13,0g 01/13/88 MBg0103g ,

i -

L
l -~
©
O
I Q =




KEYSTONE FNVIRGNMENTAL RESQURCES, INC.

=R Lt t BT T T LL 2 FH asan=======a=a-aaaaa

3'&8‘...8*

TABLE 1. SuMMARY OF AnNaLYTICAL DATA

‘-‘==-“iEEHRHWE::#%&I’EH':‘3==‘=I=HH

PRODUCED on 02/01/@8 ar 13: 87

N TRy =a-a==:-aaaaauanazaa-a:

SAMPLE # RSLT. LNE

SOURCE
v o T e e it e " - — T St o o e e e s -y —-nqg?n{.qg-qwﬁqq_q\
% MOISTUR e o '

880101897 % Solids €103 ¢... .. 84,7 - S8R soIL

pH '

88010187 Soil pH, unity, .. ... : 8,983 SR SOIL

008122




008123

KEYSTONE ENVIROMNMENTAL RESOURGES, INC

TABLE @: SUMMARY OF PaH DATA

FRESCSIRTETIWRIRSIARMNATEARTINESR
Samp191”88019157

‘Date Collectsd: O01/13/88
Date Received: 01/13/988

Date Extracted: 01/14/88
Date Analyzad: 01/23/88

Page- 1

Saurce: SR SOIL
Description: TREATABILITY STUDY

Clean uyp Method

gilica g2l clean-up__ yeos
florisil clean—-up __ yes
alumina clean—-up —yes
sulfur clean-up —_—ljes

Polynuclear Aromatic Hydrocarbons

Acenaphthene, . .. ... ...
Acenaphthylene. . . . ..
Anthracene. .. ... ... ...
Benzo(alanthracene. ..
Benzol(a)pyrene.. ... . ..
Benzo(bléluaranthens.
Benzo(g:h, idperylens.
Benzo(kltluoranthene. .
Chrysene.............,
Dibenz{ah)anthracene.
Flucranthene. ... ... ...
Cluorena. .. ...........
Indeno(123~cd)pyrane.
Phananthrene. . . . ... . ..

o o B 30 e ik W

4750Q9
INTERFERENCE
7230

12700

8840

13300

11300

4000

10900

13200

244600

39200

7440

32300
INTERFERENCE

e . b

Other Polynuclear Aromatic Compounds tested:

Carbazole. . ... .......
Naphthalene. . ... ..., ..

The above results are reported in ug/kg.

110000
453500

et c—

gt

no
na
no
no

MY
(a\,
—
w0
o
O -

All PAH identifications are from retantion data only.

Joe

r“la@ &_:» "




KEYSTONE ENVIRONMENTAL RESOURCES, INC.

I TABLE QF CONTENTS

SARATES DG S DN NS WA T N N W T

PRODUCED ON 01/27/38 AT 1419 PAGE

RESRTWADRAMAMANNINAARKANR XS RSN BIRIAIRE ks
— A 4

‘ SAMPLE # SQURCE DESCRIPT

DATE-COL. DATE-REC ORD #

! 88010186 SR WATER ~ TREATABILITY STUDY

- S i S

-01/13/88 01/13/88 MEQOIQI?

P ] |

SIS

o A b o
3 -

£
& i3

L

I i

008124
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APPENDIX 12
INITIAL SOIL COLUMN SOIL RESULTS

SEEDED = AEROBIC AND ANAEROBIC SOIL COLUMNS
UNSEEDED = CONTROL COLUMN

008125




KEYSTONE ENVIRONMENTAL RESOQURCES., INC.
==

008126

phatil .t

T

EEEEE = Pt e PR R L T T Pt LIy
TABLE OF CONTENTS PRODUCED ON 02/08/88 AT 10:44 PAGE
Xt + F P P F PP E F E R E P R P A - A L F -1 e e PR E PP X e ===
SAMPLE # SOQURCE DESCRIFPT DATE-COL DATE-REC (OORD #
88010129 SEEDED COL.. TREATABILITY STUDY 01/11/88 01/11/88 Ma;a;;
88010124 RAW COL TREATABILITY STUDY Qi/11/88 01/11/88 M8801Q41

008126




l KEYSTONE ENVIRONMENTAL RESOURCES. INC
=======================:===============2===.—.=====g
'TABLE 1. SUMMARY OF ANALYTICAL DATA PRODUCED ON 02/08/88 AT
e e Y L Lt T LI e bt Pl L EE T3 1 8 TP pnanp
SAMPLE %  RSLT LNE SOURCE
TOTAL QRGANIC CARBON -
88010125 - 4 YOC. .. ...... .. .. . . . : t 83 SEEDED CoOL
88010124 ¥ T10C ... ... ... ... I 2. Q0 RAW COL,.
OIL % GREASE. TOTAL RECOVERABLE. GRAVIMETRIC
B8010129 Oil & Grease, mg-/Kg. .. . T &6 7 SEEDED COL
l88010126 O1l % Grease, mg/Kg. .. . : 4830 RAW COL
TOQTAL RECOVERABLE PHENOLICS (AS PHENQL)
880101295 Phenol, mg/Kg. . ... ..... : 31,8 SEEDED COL
38010126 Phenol:, mg/Kg. . o : 30.8 RAW COL
PHOSPHIROUS
880101293 Phosphorous: mg/®g. ... . : <10 0 SEEDED COL.
868010126 Phosphorous., mg/Kg. .. - <10. 0 RAW COL.
pH
8801012% So1l pH, units. ... .. . T 7.98 SEEDED COL
38010126 Soil pH, umits .. ... ... . I 8 39 RAW cOL
ITOTAL KWJELDAHL NITROGEN .
88010125 TKN as N, mg/Kg. . . ...... :° 197 SEEDED COL.
38010126 TKN as N mg/Wg. . .. 128 RAW COL.
Iz MO [STURE
38010123 Z Solids @103 C. .. ... : 779 SEEDED COL
380101246 % Solids @103 C.... . . : 84 % RAW COL
1ETHYLENE CHLORIDE EXTRACTABLES
38010129 MeCl Extractables, mg/Kg : 280 SEEDED COL.
88010126 MeCl Extractables. mg/Kg : 10400 RAW COL.

The above results are on 4n as received basis.

am
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TAGLE 2: SUMMARY OF METALS DATA

S -+ 3+ T 7

SAMPLE #

ANTIMONY
8801012%
88010124
ARSENIC
88010123
88010124
BERYLLIUM
88010129
88010128
CADMIUM
88010123
88010126
CHROMIUM
88010129
88010124
COPPER
88010129
88010124
LEAD
88010129
88010126
MERCURY
88010129
88010124
NICHEL
BB010123
868010126
SELENIUM
88010129
88010124
SILVER
88010129
88010126

RSN aEs

KEYSTONE ENVIRONM

eSS TTmascmao==s

RELT LNE

-._na.—-—a--—n_—.——.—--—-

TOTAL METALS

Antimony, Ug/Kg. . ..
Antimany, ug/Kg. ..

Arsenic, ug/Kg

Beryllium, ug/Kg. ..
Beryllium. ug/Kyg. ..

Cadmium, Vg/Kg. .. ..

Cadmium, ug /Ky,

Chromiuym, ug/Kg. ..

Chromium, ug/Kyg.

Copper, Ug/Kg. ... ..

Copper, ug/Kyg.

Lead, ugrsKg. .. . .

Lead, ug/Kg

Mercury, Ug/Kg. .. .
Mercyry, ug/Kg. .. .

Nickel, Ug/Kg. ... .
Nickel, Ug/Kg....,.

Seleaniym, Ug/MKg. ...
Selenjuym, ug/Kg. .

Silver, Ug/Khg. .. ...
Silver, Ug/Kg. ... ..

CATIONIC EXCHANGE CAPACITY

88010129
88010126
THALL IUM
88010129
868010128
ZINC .

88010128
88010124

The above resulty arq on @ dry weight basis.

Sodium, Ug/Kg. .. ..,
Sodium, Ug/Keg. .

Thalliym, UG /Ky, . ..
Thalliynm, Ug/Kg. . ..

Zinc, ugrkg. ... .
Zinc, ugsMug. . ... ..

=========ﬂ========

Arsenic, ugrsKg. .. ..

<6000
<4009

38400
2480

<300
<300

<500
<300

<2400
774800

<2300
2330

4820
6430

<100
<100

<4000
<4000

<300
<300

<1000
<1000

63. 1
71.9

<1000

<1000

73800
144000

ENTAL RESOURCES, INC

PRODUCED ON 02/08/88 AT 10: 48 PaGe

==========--ﬂﬂ_ﬁ=========t.=== == ===o

SQURCE

SEEDED coL.
RAW coL

SEEDED cOL.
RAW coOL.

SEEDED coL
RAW cOL.

SEEDED coOL.
RAW COL.

SEEDED coL -
RAW COL

SEEDED coL.
RAW coL.

SEEDED cOL.
RAW COL.

SEEDED coL.
RaW coL.

SEEDED coL.
RAW CQL.

SEEDED coOL.
RAW cOL.

SEEDED oL
RAW COL.

SEEDED coL.
RAW COL.

SEEDED coL.

SEEDED COL.
RAW COL.

======&=====

[
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I KEYSTONE ENVIRONMENTAL RESQURCES. INC.

=RESR =======8=’=====-==

l TADLE 2: SUMMARY OF METALS DATA

=================3================ESSSI-

SAMPLE #

———— —— " i — e

EPTOX METALS

RSLT. LNE

Y . o —

=a====!=:====a====a========

PRODUCED ON 02/08/88 AT 10. 4g

====:======I=======-======I=8

SAQURCE

D e o g

e g e

ARSENIC
88010125 Arsenic, mg/L. . ... ..
88010124 Arsenic. mg/L.
HARITUM
88010125 Baryum: mg/L....... .
880101246 Barium, mg/L.. . ...
CADMIUM
88010125 Cadmivm, mg/L.. .
88010124 Cadmium, mg/L
CHROMIUM
88010123 Chromium, mg/L ...
880101264 Chromium, mg/L.
COPPER
8801012% Copper. mg/L.
88010124 Copper, mg/L.
LEAD
88010129 Lead, mgrL. .. .. ... .
88010126 Lead. mg/L.
MERCURY
88010129 Mercury, mg/L.
88010128 Mercury, mg/L.
SELENIUM
88010129 Selenium, mgsL... ...
88010124 Selenium: mg/L. ..
SILVER
88010123 Silver, mg/L........
88010124 Silver. mg/L. ... . ..
TCLP METALS
I ARSENIC
8801012% Arsenic, mg/L.......
88010124 Arsenic. mg/L. ...
j CHROMIUM
88010129 Chromium, mg/L. .. ...
g 88010124 Chromium: mg/L. ..
COFPER
88010123 Capper. mg/L..  .....
88010124 Capper, mg/L. .

<0.
<0.

<0.
<0.

<Q.
<0

<0.
<0.

<0.

<0

<0.
<0.

<0.
<Q.

<0.
<0.

<0.
<o.

<0.
<0Q.

<0.
<0.

<0.

; ?9'

300
300

200
200

QoY
0ed

010
010

029
Q29

100
100

0002
0002

300
300

010
010

00
S00

010
10

023

023

SR e i s,

SEEDED cOL.
RAW coOL.

SEEDED cCL.
RAW COL.

SEEDED CoOL.
RAW COL.

SEEDED coL.
RAW CcOL.

SEEDED CcoOL..
RAW COL.

SEEDED cOL.
RAW COL.

SEEDED cOL.
RAW COL.

SEEDED coL.
RAW COL.

SEEDED cOL.
RAW caL.

SEEDED coOL.
RAW COL.

SEEDED coL.
RAW COL.

SEEDED cOL.

008129
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KEYSTONE ENVIRONMENTAL RESOURCES, INc

Page-

*=

TABLE 3 SUMMARY oF PAH DATA
=

Samas=me=a ========3=8!=’===3=

Sample; 8801012 ‘ - Source: SEEDED coL.

.- - ---Descriptian: TREATABILITY STUDY
Date Collected: Oi1s11/88

Date Receiveqd: Otsti/88

Clean Up Method

Date Extracted: o1/12/88 Silica ge} Clean~yp yes noc

Date Analyzeq: 01/22/88 florisil Clean-up —Y®S ___ nog
alumina Clean-yp ~Ues __ ng

Sulfur clean-yp —_l s o -

T

-

O

Polynuclear Aromatic qurocarbans

Acenaphthene .. : 130000
I Aconaphthqltno ........ <1000
Anthracene... . ;27300
Bonzo(a)anthraconn.,.. : 13300
l Benzota)pyrene. ... . I 8220
Bnnxo(b)?luoranthtnc.. D 11100 i
Bonxu(g,h.i)perqlcno., : Blog
Eonzo(i)ﬁluoranthonu.. I 3890
l Chrysene.... . . ;12700
Dihonx(ch)anthraCQnt.. 7740
Fluoranthonq .......... : 44800
l Flvorene. ... . . : 53300
!ndcno(l?S-:d)pgr.nc.. ! 4010
Phenanthrene. .. .. 128000
I Pyrene... ... .. . . . : .104000

——— "The ébave results ave reported in Ug/Kg.




KEYSTONE ENVIRONMENTAL RESQURCES, INe

Fage- 2

TABLE 3 SUMMARY OF PAaH DATA
'—'3!‘23:2‘3'—':=========t======-‘===
Sample- 88010126 ‘ "Source’ RAW COL

Description:

Date Collected: Cl1/11/88
Date Received: Q1/11/88

Date Extracted: 01/12/88
Date Analyzed: Q1r/22/88

Clean up Methog

Silica gel clean—up___ges
florisil clean-yp —_yes
alumina clean-yp —_—yes
Sulfur Clean-yp —yed

Polynuclear Aromatic Hydrocarbons

Acenaphthene. . ..
Acenaphthylene
Anthracene. . ..
Blnzo(a)anthracene...

Btnzo(a)purune ........
Benzo(b)Fluoranthenc.

Btnzo(g.h,i)pcryluno.

Bnnzo(k)#luoranthonc..
Chrysene. .. .
Dibonz(ah)anthraccnoh
Fluoranthene
Fluoreng

Pyrena

Other Polynuclear Aromatj
Carbaznle

...........

670000
<1900
107000
83800
43700
&0700
90800
21400
47300
&2100
272000
192000
41600
442000

. 387000

c Compounds tested:
121000
1540Q0

The abave regults a4Te repoarted in Ug/Kg.

TREATABILITY STUDY

N
RIS




KEYSTONE ENVIRONMENTAL RESQURCES, INng

TABLE 4. SuMMARY OF PAH DATA

IJTXTWMa ======Ia=='—=maaaa REmZ

Sample. 8801012% Sovrce. SEEDED coL.

Date Caollected: 01/11/88
Date Receivesd- 01/11/88

Date Extracted: Oi/1a/88
Date Analyzed: 01/20/88

TCLP EXTRACT

Clean up Method

silica gel clean-yup
florisil clean-up
aluming clean-up
sul fur clean-yp

Polynuclear Aramatic Hydrocarbans

Benzo(alpyrene. . . .
Bonzo(b)#luoranthonu“
Bonzo(g.h.i)pnrglonn.

anza(k)#lunranthene_
Chrysene. ..., .., =
Dibnnz(ah)anthrgcono”
Fluoranthene. . . . . . . |
Fluorene..... .. .
Indono(lzs-cd)pyrenn.

Fhenantarere. .. .. .
Fyrene..... . . . .

229
204
24. 2
3. 76
.33
11

Other Polynuclear Aromatic Compounds tested:
: 16.3
%410

Carbazole. ... . .

Page-

Description: TREATABILITY STuny

— S
—Yes
— s
—lts




The

TABLE 4.

=ﬂ==*==================a=====

Date Collected: 0O1/11/88
Date Receivedqd: o1/11/a8

KEYSTONE ENVIRONMENTAL RESQURCES, INC

SUMMARY OF PAH DATA

Date Extracted: 01/14/58
Date Analyzed: 01/20/88

TCLF EXTRACT

Page-

Sample. 8301Q12% Source: RAW COL.
Descriptign: TREATABILITY STUDY

~Glean up Methad

silica gel clean~-up__ yes
florisil clean-up ——yes
4lumina clean-up ——es
SUlfur clean-yp —yes

Palynuclear Argmatic Hydracarbons

Acenaphthene. ... .. .. .
Acenaphthylene. ... .. . .
Anthracene. .. ...... . .
Benio(a)anthracene. ..

Benzo(a)pyrene. .. ... ..
Benzo(b)#luoranthenn.

Bonzc(g-h.i)pergltnc.

Benzo(k)fluoranthene. .
Chrysene. . ... .. .. .. . ..
Dibonz(ah)anthfacenn“
Fluoranthene. . = .. . ..
Fluorene.......... ... .
Indeno(123-cd)pyrene. .
Pheananthrene. .. ... .. .

Other Polynuclear Aromati
Carbazole. ... .. .. . . :

0. 314
224
<8.8

D s ol — A —— o —

€ Cumpounds tested:
130
25870

[

) isié: i

-0
10
- — m
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APPENDIX A
. ACTIVATED SLUDGE TREATMENT PROCESS:
LS
SUMMARY OF CASE STUDIES Y
-
o
Al Operating Conditions (]
A2 Performanca Data © ,
Reference Keystone Enviroumental Resources, Inc., Internal Data Hase,
Keystoue Environmental Rescurces, Inc., a subeidiary of
Koppers Company, Inc., Monroaville, PA.

TECHNOLOGY DESCRIPTION 1C
ACTIVATED SLUDGE

008134




Al QPERATING CONDITIONS

The 19 dCtivated sludge treatment Process case Studies were

sonducted

“ithun the Operating conditions ijstad below,
Hycraulic Retention Time (HRT): L - 10 days : -
3alid Retention Time {SRT) 20 - 150 days ]

Mixed Liquor Temperature: 20 « 360¢
pH Contral (Mixed Liquar) 6.5 - 7.5 units
Mixed Liquor Dissolved Oxygen: 3 -3 mg/
Recycle Ratio (Recycle; Influent); Up to 2.0

Nutrient A ddj tion (N,B); As required

Pertormance data for all |9 Cases was obtained from Keystone
Environmental Nesources intarnal daca base“’. This data base has been

008135

TECHNOIOUGY DESCRIFTION 10
ACTIVATED SLUDGE
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KEYSTONE ENVIRONMENTAL RESOURCES, Inc

TABLE 2: SUMMARY OF PAH DATA

Fage- 2

Sample: 88020338 Source: SR AN WATER

Date Collected: 02/10/88
Date Received: oR/1i/80

Date Extracted. o=/12/68
Date Analyzeq: 02/24/83

Polynuclgar Aromatic My

Acenaghthene. .. . .
Aconlphthqlnnu ........
Anthracene..... . .
Bcnxo(a}anthraconc..“
Benio(aipyrens. ... |
Bonxo(b)fluoranehono”
Bcnzu(g.h.i)porulonnu
Benzo(k)f!uorunthnnnu
Chrysene.. ... .. . . .
Dibonz(ah)anthracono..
Fluoranthene...... |
Fluorens...... . .. . . °
Indono(l?ﬂ-cd)pgrono..
Phenanthrene. ... .. .
Pyrene. ....... .. ... |

Do;criptiqn:;SLURRY REACTQR

Clean up Method

silica gel clean-yp Loyes
flerigi} Clean-yp — yes

dlumina clean~up yes

suldyr Clean-yp yes

drocarb@nn

84 .3
INTERFERENCE
8. 39

3. 44
1.39
2. 03
3.33
Q.773%
3. 19
429
19.7
4%. 0
3. 62
72. 4